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LETTER OF TRANSMITTAL. 



United States Department of Agriculture, 

Office of Experiment Stations, 

Washington^ £>. C, June 15^ 1896. 

Sir: I have the honor to transmit herewith a bulletin on the cotton 
plant, which includes summaries of information on different topics 
relating to this plant considered in their agricultural bearings. The 
effort has been made to present such facts as would be useful to the 
students of our agriculture, to the investigators at the experiment sta- 
tions, and to that increasing body of intelligent agriculturists who are 
interested in thoroughly acquainting themselves with the past and 
present condition of our agricultural industries, with a view to discov; 
ering means for their improvement. No attempt has been made to dis- 
cuss the problems of cotton manufacture, the purpose being to confine 
the bulletin strictly within agricultural lines. 

The introduction to the bulletin has been written by 0. W. Dab- 
ney, jr., Ph. D., Assistant Secretary of Agriculture, whose lifelong 
acquaintance with the practical problems of Southern agriculture has 
been supplemented by special studies of scientific questions relating to 
the crops of that region, particularly in connection with his duties as 
director of the North Carolina and Tennessee agricultural experi- 
ment stations. 

The chapter on the history and general statistics of cotton as an 
agricultural plant has been prepared by Mr. E. B. Handy, of this ofQce, 
who has, as far as practicable, examined the original sources of informa- 
tion and carefully collated the literature of this subject. Many details 
of the earlier history of cotton are obscure, and their interpretation 
will always remain largely a matter of individual opinion. The article 
herewith is, however, a careful and independent review of the evidence 
available, and the numerous references to the authorities will enable 
the student to examine the matter for himself should he care to pursue 
it further. 

The chapter on the botany of cotton, by Walter H. Evans, Ph. D., of this 
oflBce, has involved a very considerable amount of research, the results 
of which have been very largely of a negative character. An examina- 
tion of the widely scattered literature of the histology and physiology 
of agricultural plants has revealed surprisingly few investigations on 
the cotton plant. The systematic botany of this plant is also in a very 
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ans£itisfactory state, and it is quite difficult to make definite statements 
which will not be subject to more or less serious criticism. For tlie pur- 
pose of this bulletin it was deemed best to make a concise and orderly 
statement of the facts as they appeared to the author after a careful 
review of available literature without entering into discussion of dis- 
puted points. 

The chapter on the chemistry of cotton, by Mr. .T. B. McBryde, chemist 
of the Tennessee Agricultural Exi)eriment Station, and Mr. W. II. Beal, 
of this office, includes summarized statements of the results of chemical 
investigations of the cotton plant and detailed tables of analyses, 
together with a bibliography of the subject. 

In the chapter on climatology and soils, by Prof. Milton Whitney, 
chief of the Division of Soils of this Department, general considerations 
relating to the climate and soils of the (jotton belt of this countrj'^ have 
been briefly stated, the results of soil investigations as they affect the 
problems of cotton culture have been explained, and some typical soils 
of different cotton regions have been concisely described. A short 
compilation of the results of chemical analyses of soils in the cotton 
States, selected from the large number of analyses given by Prof. K. 
W. Hilgard in the Tenth Census of the United States, has been added, 
with a view to indicating in a general way what chemical analysis has 
shown regarding the soils of this region. 

The chapter on the manuring of cotton, by 11. C. White, Ph. D., 
president and professor of chemistry of the Georgia State College of 
Agriculture and Mechanic Arts and vice-director and chemist of the 
Georgia Agricultural Experiment Station, contains a brief history of 
the use of fertilizers for cotton and a summary of the results of experience 
and experiment in manuring this crop. 

The chapter on cultivated varieties of cotton, by S. M. Tracy, M. S., 
director and botanist of the Mississippi Agricultural Experiment Station, 
includes brief descriptions of the principal varieties cultivated in the 
United States, with a discussion of the ways of determining their rela- 
tive importance and of the methods used in the origination and improve- 
ment of varieties. 

The chapter on the culture of cotton was prepared by Mr. Harry 
Hammond, of South Carolina, author of the article on Cotton Produc- 
tion in South Carolina in the Tenth Census, and a cotton planter of 
long experience. For the purposes of this article the cotton belt has 
been divided into a number of regions characterized by more or less 
uniform conditions of soil and climate, and the general conditions of 
cotton culture in each region have been concisely described. The gen- 
eral results of experience in the management of this crop are also 
stated and the cost of production together with other economic factors 
aflfecting the great industry of cotton raising have been briefly con- 
sidered. It is believed that this article will afford the reader a com- 
prehensive view of the present status of cotton culture in this country. 
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A brief summary is appended of the relatively few experiments on 
cotton culture thus far reported by the agricultural experiment stations, 
prepared by Mr. J. F. Duggar during his connection with this ofQce. 

The chapter on diseases of cotton was prepared by George F. Atkin- 
son, M. S., professor of botany in Cornell University, who, during his 
connection with the Alabama Agricultural Experiment Station, con- 
ducted the most extensive investigation of these diseases thus far 
attempted. The summarized statements contained in this article are 
intended for the general reader rather than the specialist. 

The chapter on insects which affect the cotton plant in the United 
States, by L. O. Howard, Ph. D., Entomologist of this Department, in- 
cludes a summary of the principal results of the extended investigations 
of the Division of Entomology and of the United States Entomological 
Commission, intended for the use of the general reader. Of special 
interest is the account of the investigations on the Mexican cotton- 
boll weevil, recently conducted under Professor Howard's supervision. 

The chapter on the handling and uses of cotton, by Mr. Harry Ham- 
mond, treats of the storage, ginning, and baling of cotton, the manu- 
facture and uses of cotton-seed meal and oil and other by-products, and 
the marketing of the lint. Only such information is given in this 
article as was deemed to belong to the agricultural side of the questions 
relating to the handling and use of the cotton crop. 

The chapter on the feeding value of cotton-seed products, by Mr. B. 
W. Kilgore, assistant chemist of the North Carolina Agricultural Exper- 
iment Station, is a summary of the results of the investigations on this 
subject carried on at the agricultural experiment stations and kindred 
institutions in this country and abroad. 

Throughout the bulletin careful and somewhat complete references 
to the sources of information have been made in footnotes, and a list 
of works which are not thus referred to, but which may be of interest 
to students of the cotton plant, is given at the end of the bulletin. 

The labor involved in the final arrangement of material and the 
preparation of the bulletin for the press has largely devolved on Mr. 
W. n. Beal, of this of&ce, and a large amount of work in the collection 
of literature and in the working up of details has also been performed 
by Mr. R. B. Handy, of this ofl&ce. 

The preparation of this somewhat comprehensive bulletin on the 
cotton plant has involved a very large amount of labor in the colla- 
tion of materials, in the selection and arrangement of the information 
to be given under each head, and in the securing of accuracy and rea- 
sonable uniformity in details. On many topics long search has revealed 
a surprising paucity of reliable information. It is evident that thus 
far very few careful investigations of the cotton plant have been made. 
A great field of research remains open to our agricultural experiment 
stations, on which they have hardly begun to enter. When we con- 
sider how vast are the interests involved in the cotton industry, we 
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realize the total inadequacy of the efforts thus far put forth to solve 
the perplexing problems confronting the cotton planter. This bulletin 
will have served an important purpose if it calls attention im the need 
of more thorough investigation of these problems and stimulates useftd 
inquiries in this direction. The conditions under which the workers 
in our experiment stations are laboring largely prevent their making 
comprehensive surveys of the work already done in various lines before 
attempting further investigations. They are compelled too ofben to 
attack the problem which seems most immejiiately pressing without 
such preliminary study of its relations to other problems as would 
make their work most effective and success most probable. This bul- 
letin has been prepared primarily to relieve this difficulty as regards 
the cotton plant. 

The conditions of our agriculture have hitherto induced superficial 
methods of culture and handling of our staple crops. The need of 
greater attention to finer distinctions and nicer economies is beginning 
to be at least dimly discerned by the masses of our agricultural popu- 
lation. As the real situation becomes clearer there will undoubtedly 
be an increasing demand for such information regarding these crops as 
can be obtained only as the result of elaborate and far-reaching inves- 
tigations at our agricultural experiment stations. It is our present 
duty to pave the way for the successful conduct of such investigations 
by reviewing the past and carefully noting the conditions of the pres- 
ent, and to supply the materials out of which the master workmen of 
the future may construct lasting structures of practical truth. The 
articles herewith are submitted as a contribution to this end, and their 
publication as Bulletin No. 33 of this ofdce is respectfully recommended. 

Kespectfully, 

A. 0. True, 

Director. 
Hon. J. Sterling Morton, 

Secretary of Agriculture. 



THE COTTON PLANT. 



INTRODUCTION. 

By Chas. W. Dabney, Jr., Ph. D., 
Assistant Secretary of Agriculture. 

Cotton is the principal product of eight great States of this Union, 
and the most valuable "money crop" of the entire country. Climatic 
conditions practically restrict its cultivation to a group of States consti- 
tuting less than one-fourth of the total area of our country, and yet the 
value of the annual crop is exceeded among cultivated products only 
by corn, which is grown in every state of the Union, and occasionally — 
four years out of the last ten — ^by wheat. Cotton furnishes the raw 
material for one of our most important manufacturing industries and 
from one-fourth to one-third of our total exports. 

Considered without reference to any particular country, its economic 
importance is far beyond numerical expression 5 for while the total crop 
of the world is approximately ascertainable, the effect of cotton upon 
the commercial and social relations of mankind is too far-reaching for 
estimation. Of the four great staples that provide man with clothing — 
cotton, silk, wool, and flax — cotton, by reason of its cheapness and its 
many excellencies, is rapidly superseding its several rivals. Fifty years 
ago only about 2,500,000 bales of cotton, or less than the present produc- 
tion of Texas, were annually converted into clothing ; the spindles of the 
world now use over 13,000,000 bales per annum. Yet less than half the 
people of the world are supplied with cotton goods made by modern 
machinery, and Edward Atkinson has estimated that it would require 
annually a crop of 42,000,000 bales of 500 pounds each to raise the 
world's standard of consumption to that of th€> principal nations. 

Cotton stands preeminent among farm crops in the ease and cheap- 
ness of its production, as compared with the variety and value of its 
products. No crop makes so slight a drain upon the fertility of the soil, 
and for none has modern enterprise found so many uses for its several 
parts. The cotton plant yields, in fact, a double crop — a most beautiful 
liber and a seed yielding both oil and feed, which, although neglected 
for a long time, is now esteemed worth one-sixth as much as the fiber. 
In addition to this, the stems can be made to yield a fiber which waits 
only for a machine to work it, and the roots yield a drug. It is entirely 
possible, therefore, that cotton may ultimately be grown as much for 
these parts as for the lint. 

The history of cotton production in the United States differs from 
that of almost every other agricultural product in several important 
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psrticnlars. For nearly three-qnartera of a centmy slave labor was 
almost exclasively employed in this branch of agricaltural ludastry, and 
ao immense m^ority of tbe colored ]>eoiile of to-day look to it for their 
chief support. Cotton was also the great pioneer crop in the new sonth- 
westerii States. Not only lias the westward movement of the indnstry 
been more rapid than that of any other crop, bnt the center of prodoc- 
tion has always been farther in advance of the center of population. 
As louf; ago as 1839 AliBsisBippi was producing almost one-fourth of the 
entire crop of the country. Recent years have witnessed an enormous 
development in the regions to tlie went, which would have carried the 
center of production across the Mississippi River if the cnltivation of 
cotton, nnlike that of wheat and com and other products, had not 
taken a new lease of life in the older States along the Atlantic seaboard, 
where the use of manures has both extended the area and iucreased the 
production. 

Probably no equally great industry was ever more completely paral- 
yzed or had its fiiture placed in greater Jeopardy than cotton growing 
in the United ^tates during the war of 1861-18^. So great was the 
decrease in production which followed the effectual closing of the ports 
that only 1 bale of cotton was grown in 18U4-05 for every 15 bales 
raisetl in 1861-62. Tlie chief menace to the futnre of cotton production 
lay in the efforts that were put forth by other cotton growing countries 
at this time to produce those particular varieties which had for so long 
given the United States the monopoly of tlie European markets; and 
nothing could more coin)>leteIy demonstrate the remarkable adaptation 
of our southern States to the growing of varieties which the experience 
of generations has proved to be the best for matinfacturing purposes 
than the fact that it took them only thirteen years from the end of the 
war to regain the primacy of position which they held at its commence- 
ment. 

The fact that only a very small fraction of the annual crop fails to 
reach a market in its raw state explains wliy we have a more continu- 
ous and authentic history of tlie cultivation of cotton in the Qnited 
8tateK than of any other important product. The ordinary fluctuations 
to which cotton growing in the United States is subject have been well 
exemplified in the last ten years, as shown by the following tables; 



TMr. 


Pniduellon 
(nelweiglit). 


a™. 


''T.^T 


(not w*igbt) . ! of eiports. 


8W-87 

W7-8g - 

8M-80 

«S9I».. 

«eo-Bi 


:i 2BU 871 oil 
a; 30B; 564.1130 

3, 7a,fli3.25a 


le. M,'eo3 

ali 

20,809,063 

Jh] 0B7! 624 
Ifl, 25,000 
23.687,950 

^u, 184, see 


DcOar: 

a37;s72;45a 

402! BSl' KI4 

am. 568, 858 

326.513,208 
202, 252, 286 
274,479.837 
287, 120, 818 


round.. ' nollar: 
2. 047, W8. 44,^ loe.TiS.iai 
2.150,775,786 2S:i,"lfl780 
2, 275, 252, 020 237, 77S, 270 
2,304.975,501 2511,908,792 
2. 75!l, 049.246 200.712,898 


BB2-B3 


-; 104. 829. H)0 183, 771, 445 
J. 547, 024, 248 216, 889, »® 


M96-BS 


2, 222, ;o7. 905 1 V:o, OSO. 400 




38,018, 819, J!S6 


n>,,mi.^ 


3, ist, 033, sua 






' ' ' 1 - ' ' 



INTRODUCTION. 



15 



Tear. 



1886-87 
1887-88 
1888-89 
1889-90 
1890-91 
1891-92 
1892-93 
x893-94 
1894-95 
1895-96 



Average. 



Average 

production 

per acre. 


Average 

value 

per 

pound. 


Average 

value 
per acre. 


Per cent 

of 
crop ex- 
ported.* 


Pounds. 


Cents. 


Dollars. 




163.56 


10.25 


16.76 


67.80 


176.54 


10.27 


18.13 


65.36 


173.65 


10.71 


18.60 


68.75 


173. 25 


11.53 


19.98 


68.53 


196. 68 


9.03 


17.76 


67.41 


206. 31 


7.64 


15.76 


65.20 


176. 15 


8.24 


14.61 


66.13 


183.28 


7.67 


14.06 


71.19 


193.63 


6.26 


12.12 


72.31 


158.06 


8.16 


12.90 


69.67 


180.71 


8.84 


15.98 


68.31 



Per cent 

of crop 

retained.* 



32.20 
34.64 
31.25 
31.47 
32.59 
34.80 
33.87 
28.81 
27.69 
30.33 



31.69 
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These tables present some very striking contrasts. The crop of 
1894-95 is shown to have been more than half as large again as that 
of 1886-87, while in respect to value the crop of 1889-90 was just as 
much in excess of that of 1892-93 or that of 1895-96. While the area 
cultivated fell nearly 1,900,000 acres below, and rose more than 3,700,000 
acres above, the average for the entire period, the wide variation in 
the average yield per acre played an almost equally important part in 
determining the total amount of the crop. Yet it is an interesting fact 
that the fluctuation in yield per acre, taking the country as a whole, is 
less in the case of cotton than in that of almost any other product of 
the soil. This is attributable to the greater uniformity of the climatic 
conditions obtaining in the cotton belt as compared with those of other 
sections. The rainfall is more constant in the South than in many 
other sections, the changes of temperature from day to day are con^ 
siderably less than at points in more northern latitudes, and the 
monthly means of temperatures in the growing season do not vary 
more than 2^ or 3° in the chief cotton-growing districts. In fact, 
except on the Pacific Coast, there is no portion of the United States 
where the variability of the temperature is so small, particularly in 
summer, as in the Southern States and on the Gulf Coast. The increase 
of sunshine and heat during the months of August and September, con- 
currently with the decrease of rainfall, which characterize this section 
so distinctly, are the conditions which favor most the development of 
the cotton bolls. The same climatic conditions render this section of 
our country a most favored one for a widely diversified agriculture. 

The average yield per acre during the ten years covered by the table 
was 180.71 pounds. Although this may be slightly above the normal 
yield of the American cotton crop considered as a whole, it can not be 
doubted that improved methods of cultivation and the increased use of 
manures are gradually increasing the i)roductivenes8 of the cotton 
field, and that the time is not far distant when an average of 200 
pounds p6r acre for the entire cotton belt will no longer excite surprise, 
while the yield of a bale of 500 pounds will be the standard of the best 
cotton planters. 
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One of the most important facts shown above is that over two-thirds 
of our entire production of cotton is, and always has been, exported. 
The time was, indeed, when the proportion shipped abroad was as 
much as 80 per cent, biit the increased production in other countries 
and the growth of the cotton manufacturing industry in our own have 
reduced the proportion exported to a little under 70 per cent. 

One of the serious results of an era of low prices such as that 
through which the country has been passing is that if it does not, 
indeed, entirely disable the farmer, it indisposes him to keep up the 
fertility of his farm. But it is when profits are small that the good 
results accruing from the adoption of improved methods of cultivation 
are most apparent. In this connection and at this time, the value to 
the planter of the work being done by the various experiment stations 
and the Department of Agriculture will be thoroughly appreciated. By 
using, in the most economical form, the fertilizing materials of which 
the soil is really in needj by disposing the surface of the field and by 
growing crops in proper rotation to prevent the excessive leaching and 
washing of the soil; by the selection of seed from plants exhibiting the 
most desirable qualities; by using the most efficient and economical 
implements and machines for working the soil; by the prompt adoption 
of the most approved methods of preventing the ravages of injurious 
insects or the spread of plant diseases, the ordinary farmer may increase 
his crop out of all proportion to the additional expenditure bestowed 
upon it. By using improved gins, adapted to the quality of the cotton 
grown and the uses to which it is to be put in manufacturing; by 
jpacking and handling the cotton in the best manner, and by saving 
and utilizing the seed or its several products in the most scientific 
manner, he may get a profit from his crop largely in excess of that 
ordinarily realized. The demand is not so much for an increased pro- 
duction, except relatively to the area under cultivation, as for a special- 
ization of cotton culture and improvements in the methods of ginning 
and handling the product, so that the most esteemed varieties may be 
grown in sufficient quantity and at a price that will give the farmer a 
higher percentage of profit. 

Wonderful results have been accomplished in the crossing, variation, 
and general improvement of fruits, flowers, and vegetables, but the 
great staples, like cotton and wheat, have been comparatively neg- 
lected in these respects. Our common cultivated species of cotton 
have already been transformed by peculiarities of soil and climate, by 
special methods of culture, and by the use of fertilizers from a peren- 
nial to practically an annual form, and by shortening the i)eriod of its 
growth the limits of successful cotton culture have been greatly ex- 
tended. But much remains to be done in improving the varieties of 
cotton. No plant, however, is more susceptible to such variation and 
improvement than cotton, and with hundreds of intelligent planters; 
supplementing the work of the experiment stations, results that nfjpX 
be of the greatest benefit to the industry can hardly fail tq accrue. 



HISTORY AND GENERAL STATISTICS OF COTTON: 

By R. B. Handy, 
Office of Experiment Stations. 

ANCIENT HISTORY. 

The dawn of history shows man using various fibers for the manu- 
facture of cloth, and the most ancient traditions of the race prove that 
the discovery of the art of weaving was made many centuries prior to 
that time. 

Wool was the principal material used in Palestine, Syria, Greece, 
Italy, and Spain 5 hemp in the northern part of Europe; flax in Egypt; 
silk in China, and cotton in India; the inhabitants of each of these 
countries being well skilled in the conversion of these raw fibers into the 
cloth best suited to their needs. 

The date at which cotton fiber was first applied to the weaving of 
cloth by the Hindoos is unknown, but in the digest of ancient laws 
ascribed to Manu, 800 B. C, cotton is referred to so often and in such a 
way as to indicate that it must have been known to them for genera- 
tions, both as a plant and as a textile. 

The following sentence is quoted from these laws as evidence of the 
high esteem in which the fiber was held: "The sacrificial thread of 
the Brahman must be made of cotton (karpasi), so as to be put over the 
head in three strings; that of the Gshatriya of sana thread, that of the 
Yaisya of woolen thread."^ 

The following quotation from the same source also bears testimony to 
the antiquity of weaving and sizing among these people : " Let a weaver 
who has received 10 palas of cotton thread give it back increased to 11 
by the rice water and the like used in weaving; he who does otherwise 
shall pay a fine of 12 panas."'^ 

Theft of cotton thread was made punishable by fines of three times 
the value of the article stolen.^ 

Herodotus says: "There are trees which grow wild there [India] the 
fruit of which is a wool exceeding in beauty and goodness that of sheep. 
The Indians make their clothes of this tree wool."* 

His expression " and SvXgov TtSTtoirj^iva^^^^ referring to the clothing 
of Xerxes's army, is more correctly interpreted "cotton fiber 2? than the 

iManu, Book II, No. 44. ^-Manu, Book VIII, No. 236. 

«Manu, Book VIII, No. 397. * Herod., Ill, 106. 

^Herod., VII, 65. 

1993— No, 33 2 . 17 
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fiber of trees (bast fiber). Moreover, the ^'SvXiva tptdria^ of the 
Indians, which is the expression used by Ctesias,^ the contemporary of 
Herodotus, may be considered as referring to cotton; for Varro, as 
reported by Servius,* states: "Ctesias says there are trees in India 
which bear wool." Theophfastus says: "The trees from which the 
Indians make cloth have a leaf like that of the black mulberry, but 
the whole plant resembles the dog rose. They set them in plains 
arranged in rows so as to look like vines at a distance."^ 

Strabo, who was most careful and accurate in both his investiga- 
tions and statements, mentions the trees of India on which wool grew, 
and says: "The Indians use white raiment and fine white cloths and 
carpasa."* The last word is a form of the Sanskrit Icarpasa, Hebrew 
JcarpaHj Latin carbanuHj and indicates a cloth made of either cotton or 
flax, Brandes* and Kitter^ maintaining that it was used by classical 
writers to denote cotton. 

Aristobulus, contemporary of Alexander the Great, mentioned the 
cotton plant under the name of the wool-bearing tree, and stated that 
the capsule contained seed which were taken out, and that the fiber 
remaining was combed like wool.' 

Nearchus, the admiral of Alexander, who conducted a part of his 
army down the Indus, around the shore of the Arabian and Persian 
gulfs to the Tigris, about 327 B. C, says: "There are in India trees 
bearing, as it were, bunches of wool. The natives made linen garments 
of it, wearing a shirt which reached to the middle of the leg, a sheet 
folded about the shoulders, and a turban rolled round the head, and 
that the linen made by them from this substance was fine, and whiter 
than any other." '^ The Greeks on this expedition made use of an infer- 
ior kind of raw cotton to pad their clothing and stuff their saddles.^ 

Pliny ^" writes of the cotton plant in India with leaves similar to the 
mulberry and resembling the dog rose, which was sowed in the field, 
and from which the inhabitants made linen clothes. Here Pliny uses 
the word lineas^ but the context shows that he referred to cotton. Quin- 
tus Curtius says of the Indians : " They covered their bodies from head 
to foot with carbasus', they bind shoes about their feet, linen cloths 
about their heads;" and, speaking of the dress of the king, he says: 
"The carhasa wh^'ch he wore were spotted with purple and gold."^^ 

^Fragment of Ctesias (ed. Muller, p. 84). 

«Comm. in VirgiUi ^n., I, 649. 

3Theopli. Hist. Plant., IV, 4 (p. 132, ed. Schneider). 

^Strabo, XV, 719. 

^ Ueber die antiken Namen und die geog. Verbreit. der Banmwolle im Alterthom, 
p. 107. 

«Geog. Vol. IV, 1, p. 436. 

^Strabo, XV, 1 (Vol. VI, p. 43, ed. Siebenkees). 

8 Arrian. Ind., ch. 16. 

» Strabo, XV, 693. 
i"PUn. Hist. Nat., XII, 13. 
11 Luc, VIII, 9. 
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Lucan,' the poet, who lived in the first century of the Christian era, 
{describeB the inhabitants of India as those: 

Who drink sparkling jnices from ten<ler cane, 
With (lyesof trocos stain their hair, and fis 
With colored gema the flowing earhasiis. 

The Periplus* states that two kinds of cotton goods — a fine and a 
■■coarse grade — were sent from Ariaca and Barygaza (the modern Tiaroacb 
r on the Nerbndda) to Malao, Mnndi, Mosyllou, Tabae, to Opone on 
the east coast of Africa, and to the islands lying off that coast. And the 
following places are mentioned in the same book^ as mannfatturing 
centers for the same cloth : Palasimunda, Masalia (the modern Masuli- 
patam, on the east coast of India), and the country around the mouth 
of the Ganges. 

These references demonstrate that cotton was not only known and 
used by the Hindoos in early times, but that they mauufactnred cloth, 
from the fiber in sufficient quantities to supply their own needs and to 
export, or rather sell to traders, who carried it to other places. 

The cultivation of the plant or the manufacture of the cloth from 
the fiber did not receive as much attention in any country as in India. 
In fact, from 1500 B. 0. until an equal number of years after the 
begiuuiug of the Christian era, India was the center of the cotton 
industry. The cotton cloth which the Indians produced from a short 
fiber with primitive distaffs and rude looms was not equaled until the 
last half century. Some of their muslius possessed wonderful delicacy 
of texture. 

Two Arabian travelers of the middle ages, writing of India, say: 
"In this country they make garments of sucli extraordinary perfection 
that nowhere elseare theliketo be seen. These garments are for the 
most part round, and woven to that degree of fineness that they may 
be drawn through a riug of moderate size."^ 

Marco Polo,* whose work was first circulated about 1298 A. D., men- 
tions the coast of Coromaudel as producing "the finest and most beau- 
tiful cottons that are to be found in any part of the world." 

Odoardo Barbosa,^ one of the Portuguese who visited India imme- 
diately after the discovery of the passage around Good Hope, speaks 
of "the great quantities of cotton cloths admirably painted, also some 
white and some striped, held iu highest estimation," which were made 
in Bengal; and Ciesar Frederick^ mentions cotton cloth so valuable 
" that a small bale of it will cost 1,000 or 2,000 duckets." 

'Lac, HI, 239. 

< PeripluB lUBTiB Et^hreoi, $$ 8, 9, 10, 12, 13, 14, 31. 

= Loc. oil.. 4*51,61,63. 

*Aacicimes Rolotiona doa Indea et de la Chine, etc., p. 21. 

"Travels of Maroo Polo, Book III, ch. ai, 28. 

»Ramuaio'aRaceolta delle Navigation! ot Viaggi, TomeI,p.315. 

' Haklujt'a Voyages, Vol. II, p. 366, od. 1809 
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Tavernier* says "some calicats are made so fine you can hardly feel 
them in your hand, and the thread when spun is scarce discernible;" 
also, that "the rich have turbans of so fine a cloth that thirty ells of it 
put into one turban make it weigh less than four ounces.'- "When the 
muslin is laid on the grass to bleach and the dew has fallen upon it, it 
is no longer discernible," says Ward;^ and an English review*^ of the 
trade of the latter part of the seventeenth century designated the 
same fabrics as but "the shadow of a commodity." Surely the poetic 
writers of the Orient were justified in calling them "webs of woven 
wind." 

Cotton was introduced into China and Japan from India, but com- 
mon use of the fiber in these oriental countries, where at the i)resent 
time it is even more widely used than in the West, came as slowly as 
the adoption of it as clothing among Europeans, and met with equally 
active opposition. Although China carried on an exchange of prod- 
ucts with India in very early times, both by way of caravans and by 
junks coasting along the shores, it was as late as the thirteenth century 
of the present era before her inhabitants began the cultivation of cot- 
ton as anything but a garden plant. Marco Polo,* although several 
years a resident of China, with every facility for observation, gives no 
account of cotton culture except in the province of Fo-Kien, but speaks 
of silk as the usual dress of the people. It ai)pears, however, from 
Chinese history that .the plant had been known for many centuries, but 
that its manufactured product was a rarity. 

The introduction of cotton into China dates practically from the con- 
quest of China by the Tartars, and it was not until 1300 A. D. or 
thereabouts that it was cultivated for general use. 

The cotton plant also thrived in ancient times in the island of Tylos, 
situated near the Arabian coast in the Gulf of Persia. * Theophrastus^ 
mentions wool-bearing trees which grew abundantly in this island, and 
which had leaves like those of the vine, but smaller. They bore a 
capsule about the size of a quince, which, when ripe, burst, disclosing 
the seed surrounded with a wool, which was woven by the people into 
cloth of different qualities. Pliny^ makes similar statements regarding 
the wool-bearing trees of this island. 

The climate and soil of the island of Tylos were so favorable to the 
plant that cloth made of the cotton of Tylos was preferred to that of 
India.^ Although there is no mention of cloth being made in Tylos, it 
probably was made there, and also on the neighboring mainland. 



»Tavernier'8 Travels (Harris's Collection of Voyages, Vol. I, p. 811). 
^View of the History, Literature, and Mythology of the Hindoos, Vol. Ill, p. 127, 
3ded. 
3The Naked Truth, p. 11. 
* Travels, Book II, ch. 74. 
fiTheoph. Hist. Plant., IV, 7, 7. 
6Plin.Hist.Nat.,XII,21. 
^Plin. loc,oit.,XU,22. 
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Becaaee Plioy describes the Arabian tree from which the fiber was 
flecured to make a cloth similar to linen as having leaves Uke the 
palm,' Bome have donbted the presence of the true cotton plant in 
Ai'abia. But Theophrastus^ says Arabia is a producer of the name 
plant, which he had just described as a product of Tylos; and Pliny, 
in another connection,' describing the dilTerent kinds of cotton plants, 
intimates that besides the variety with the palni-Iike leaves, another, 
probably the same plant described by Theophrastus, also grew there. 
The Periplus* mentions Omana, in the southern part of Arabia, as a 
place from which cotton cloth was shipped, not only to other portions 
of Arabia, bat even to India. 

The cotton plant was known on the eastern coast of Africa as well 
as in the southern parts of Asia. Although much has been written to 
prove that the ancient Egyptians used only Hax for weaving and knew 
nothing of the cotton plant, it seems most probable that this opinion 
is based mainly uikiu a too narrow interpretation of the terms used by 
classical authors and the idea that both flax and cotton were never 
Hsed by the same people. The fact is that both flax and cotton were 
nsed, alone and mixed, by both the Egyptians and Indians. 

Egypt was one of the most ancient as well as most populous empires 
of antiquity, and her inhabitants were early compelled to turn their 
attention to other than agricultural oecujtations; so that the various 
industries were well known from the date of the earliest traditions, and 
among them none were more developed than weaving. While flax was 
probably the most common article used by Egyptian weavers in the 
manufacture of cloth, and linen was in fact the material of which the 
clothing of the people and the wrappings of their dead were usually 
_ made, it appears quite arbitrary lo state that the Egj-ptiaus knew noth- 
ing of cotton, and consequently made no u.se of it in ancient times, for 
the probability is that it was through the commercial and industrial 
activity of this people that cotton was brought to the shores of the 
Mediterranean Sea.' 

The Egyptians were adventurons sailors, and had early established a 
trade from ports on the lied Sea with those on the western coast of 
India. Doubtless they brought home many of the fine fabrics made 
by the skillful weavers of India from the tiber of the cotton plant. This 
cotton plant also grew in Egypt, for Pliny says; "In upper Egypt, 
toward Arabia, there grows a shrub which some call 'gossypion' and 
others 'xylou,' from which the stutl's are made which we call 'xyUna.' 
It is small and bears a fruit resembling the Albert, within which is a 
downy wool which is spun int« thread. Nothing is more to be desired 
than this goods for whiteness and softness. Garments are made from it 
which are very acceptable to the priests of Egypt."* And Pollux, who 

iplin.HiHt.Nat.,Xn,22. 'Potiphis. i 36. 

"Theoph, Hist. Plant.. IV, 7,8. "Brandes, loc. oii., ]i. Ill, 

'Plin. Histllfat., XIX, 3. "Plin. Im. dt., XIX, 3, 
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lived aboat 150 A. D., rei)orts that <' among tbe Indians, and now also 
among tbe Egyptians, a sort of wool is obtained from a tree. Tbe cloth 
made from this wool may be compared to linen, iBxcei)t that it is thicker 
The tree produces a fruit most nearly resembling a walnut, but three- 
cleft. After the outer covering bas divided and become dry the sub- 
stance resembling wool is extracted and is used in the manufacturing 
of cloth for weft, the warp being of linen." ' 

These two passages taken together are worthy of consideration, and 
no mere dispute as to the meaning of the terms used by other writers 
can throw discredit on such distinct statements. The description Pol- 
lux gives of the cotton tree is remarkably correct — more so than any 
given before his time, unless it be that of Aristobulus and Nearchus, the 
companions of Alexander the Great. Tbe description of the pericarp as 
three-cleft and the comparison of the boll to a walnut are in striking 
agreement with tbe facts. Besides, be goes into details as to tbe use 
of the thread for the weft only, while use of linen thread for warp is 
stated. 

Although Herodotus states, in referring to tbe Egyptian priests, 
that they wore linen clothes,^ Pliny, as above quoted, says that cotton 
clothes were very acceptable to tbem, and Philostratus ^ confirms his 
statement. Just here it may be well to remark that the word translated 
"linen" did not always refer to the fiber of which a material was made, 
birt often to tbe general appearance of tbe cloth ;* therefore cloth made 
of either flax or cotton alone or mixed is called linen ; so that the 
direct statements of these authors are not necessarily contradictory. 
Moreover, the use of cotton, a vegetable fiber, in the garment of the 
priests would be considered equally as pure as that of linen, because it 
would not be in conflict with tbe religious rules which proscribed wool, 
an animal product. 

The fact that all mummy cloths, so far as yet examined, have been 
found to consist of flax bas been used as a basis for an argument to 
prove that cotton was not used by the Egyptians; but it seems far from 
conclusive, as for religious reasons flax alone may have been used for 
that purpose, while cotton, wool, and silk may have been regularly used 
by the living for clothing or ornament. Elsewhere it is even stated 
that tbe form and manner of wearing these clothes was like a shawl or 
mantle,^ and that tbe Egyptian cotton cloth was thicker than that 
made of linen and was embroidered.^ 

In reference to the lands on tbe west coast of Asia, there are so many 
traces of the use of cotton, especially by the- Semitic tribes of antiquity, 

^Polluc. Onomast., VII, 75. 

2 Herod., 11,37. 

3Phil08tr. Vit. Apollon., II, 9. 

^MiiUer, Handbuch der klas. Alterth. Wissensch., Vol. IV, p. 925, note 2. 

6 Clem. Alex., Paedag., II, 10; and Pollnc. Onomast., VII, 72. 

ePoUuc. Onomast., VII, 75. 
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that the suggestion arises that perhaps this country was a habitat of the 
plant, as America is known to have been. 

The vegetable fiber which Josephus ^ caUs ;t*<^G^j the Hebrew Icetonet, 
modern Arabic kutn (a sound which appears also in Phoenician, Syrian, 
and Chaldee), was without doubt the product of the herbaceous cotton 
plant which to this day grows in the coast lands of western Asia, where 
in many places it is carefully cultivated.*^ 

The country around Jericho was especially noted for this product; 
and Hierapolis, in Syria, was formerly known as Magog,^ which word, 
according to the opinion of modern scholars,* would be more properly 
spelled Mabog (cotton town). It was also known as Bambyce, a word 
which clearly refers to cotton.** 

The manufacture o( cotton goods known as othonion is credited to 
Cilicia and Palestine, in Asia Minor, by very careful and painstaking 
authors,^ and Movers states that the inhabitants of that country prior 
to the Hebrews, 1500 B. C, made use of cotton, and mentions the 
trade of the Phoenicians with the rich tribes of southern Arabia, stat- 
ing that they furnished them large quantities of cotton goods.^ 

Claudianus^ throws some light on the industries and trade of the 
Hebrews when he says that the bright-colored cloths which the Indians 
valued so highly were obtained from these people, though perhaps he 
erred, substituting them for their kindred, the Phoenicians, whose 
trade was widespread and whose manufactures were famous. It must 
be remembered that othonion^ was generally, although not invariably, 
made of cotton. 

From very early time the Greeks vied with the Phoenicians and the 
Egyptians in artistic spinning and weaving, and as early as 1200 B. O. 
had reached a stage of advancement in those arts which has been sur- 
passed only by the most skillful manufacturers during the present cen- 
tury. Although, as has been stated at the opening of this chapter, the 
material used was generally wool, linen soon became common, and 
cotton was introduced at a later period. 

The Gree"ks must have known of cotton and some kind of cloth made 
from it soon after the expedition of Alexander, for his invasion of India 
brought him and the men of his army in direct contact with a popula- 
tion which used it almost exclusively for clothing, bedding, curtains, 
housing for their war elephants, etc. 

The earliest instance of the use of the oriental name for the plant in 

'Joseph., Ant. Jud , III, 7, 2. 

^Brandes, loo. cit., p. 111. 

sPlin. loo, oit., V, 23, 19. 

^Forbiger, Alte. Geog., Bd. II, pp. 85, 643. 

^Brandes^ loo. cit,, p. 103. 

"Clem. Alex., Paedag., II, 10. 

» Movers, Phonik., Bd. II, 3, p. 259. 

8Eutrt)p., 1,357. 

»Muller, loo. cit., Vol. IV, p. 925, note 4. 
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any classical author is the line of Statius Cflecilius, who died 169 B. 0., 
which is quoted by Monius Marcellus^ from the Paasimachus of Statius, 
and reads: ** Carhasina^ molochina^ AmpelinaJ^^ As these words are 
Greek and the play from which the verse is taken has a Greek name, it 
was i)robably taken from an earlier Greek writer, and would indicate 
that the cloth carhasina^ was known to the Greeks at least 200 B. C, 
although it is not ne(;easarily true that they either used it extensively 
or engaged in its manufacture. 

The cotton plant also grew in Elis, in Achaia,^ and the town of Patrae 
was the center of the manufacture of material from that fiber. Pausa- 
nius* unequivocally describes byssus the plant grown there as cotton, 
and says that the byssus of Klis was not inferior to that of the Hebrews, 
and that the women of Patra^. gained their living by weaving cloth and 
headdresses of the byssus grown in Elis.* 

There is no record of the cotton ])lant being cultivated in Italy prior 
to the Christian era, nor in fact for many centuries later, but a knowl- 
edge of the use of its fiber, either raw, for the manufacture of cloth, 
or already woven for clothing, must have been widespread among the 
Bomans prior to the opening of that era. 

Elis (Achaia), Syria, Cilicia, Palestine, and Egypt were acquired by 
Boman arms from 150 to 30 B. C, and it has been shown above that 
all of these countries produced the (totton plant and their inhabitants 
spun aud wove its fiber into a cloth, which must have attracted the 
attention of their Eoman conquerors because of its superiority to the 
products of their home manufacture. Fine and tastefal cloth must 
have been sent from Greece, Syria, and Egypt to Home, and, in fact, 
among the imported articles upon which a tax (tariff) was laid cotton 
is mentioned.^ 

In the list of dutiable articles given in the Digest of Justinian"' 
occur opus hyssinum, carbasunij and carhasea. Oarbasum, according to 
Brandes,^ is cotton cloth, carbasea cotton yam, opus byssinum other 
and various articles made of cotton fiber, as the hair nets of Patrae. 

Dirksen^ says that opus byssinum can only mean Que cotton cloth, 
i. e., Indian muslin, which, under the Roman Emperors, was much 
sought after for the dresses of the coquettish dames of that luxurious 
time; and that carbasea is probably othoniuMj which latter, Arrian^ 
says, was made from carbasum (a word derived from the Indian word 

^Libr., XVI. 

2 This was imported from India. Periplus, $$ 6, 14, 48, 57. 

'Plin. Hist. Nat., XIX, 1,4; and Curtius Pelop., Vol. II, p. 10. 

* Pans., V, 5, 2 ; VI, 26, 4 ; VII, 21, 14. 
^Brandes, loc. cit.f p. 117. 
^Brandes, loc, cit., p. 118. 

7 Dig., XXXIX, tet. 4, 16, $ 7. 

^H. E. Dirksen, Abhandlung der Berlin Akademie der Wissenschaft, 1843, p. 94. 

* Periplus mar. Erythr., $ 24. 



HISTORY AND GENERAL STATISTICS OF COTTON. 25 

carpas)^ and that that product of the weaver's skill in central India 
was the object of an active trade with inhabitants of Rome.^ 

Miiller,^ in describing the clothes and personal ornaments used by 
the Romans in the latter part of the Republic, says : '^ Hand in hand 
with the change of customs, there were many changes in their clothes 
in stuff, color, manner of wearing, and in cut." And, after enumerat- 
ing these changes, he says: '' Besides these, they use carhasus or carpa- 
8U8 — cotton or shirting — that is a fine, thick woven stuff, made sometimes 
of linen, sometimes of cotton."^ 

Miiller also mentions cotton cloth as being used for clothing by the 
Romans in the period just preceding the Diocletian era, or prior to 
284 A. D. 

The oriental custom of using cotton as a protection from the sun 
was followed by the Romans, for Verres, when praetor in Sicily (70 
B. C), used tents with coverings of cotton, and P. Lentulus Spinther, 
in the year G3 B. C, covered the theater with cotton awnings at the 
ApoUinarian games,** to which fact Lucretius*^ apparently refers when 
he compares .he clouds spread over the sky to the awnings of carhasus 
which veiled the spectators from the sun's rays during the games. 
Although known and used by the Romans, it is probable that the 
material made from cotton fiber was too expensive because of the cost 
of transportation to compete with the home manufactures of wool or 
flax, and that cotton was not in general use among the people. It must 
also be remembered that many of the articles of clothing which at 
the present time are made of cotton cloth were not worn at all by the 
people of antiquity, and that, therefore, this material was not as well 
adapted to their need as to ours. Nor must it be supposed that cotton 
goods at any time wholly supplanted linen fabrics, even in the East. 
Linen was widely used not only in Egypt and the countries on the bor- 
der of the Mediterranean, but also in Arabia and Persia, as is shown 
by the works of eastern travelers and investigators.^ 

The culture of the cotton plant and the manufacture of its fiber 
were spread by the Mohammedans at the periods of their conquests 
into .every part of the continent of Africa north of the equator, and 
also to them must bo attributed the real introduction into Europe of 
the cultivation and manufacture of cotton. 

Abu Zacaria Ebn el Awam,' who wrote in the twelfth century, gives 
a full account of the mode of culture proper for the cotton plant, and 



1 Hitter, Geog., Bd. IV, 1, p. 346. 

^MiUler, loc, ci«.,p. 873. 

3Ibid., p.874. 

*Plin. loc, ciU, XIX, 3, 6. 

6 Lucretius. VI, 108. 

^Thevenot's Travels in Harris's CoUection, Vol. II, pp. 824, 895; Burkhardt's in 
Arabia, pp. 183, 184; Hamilton's Remarks on Turkey and Egypt, pp. 388,427; Buck- 
ingham's Travels in Mesopotamia, Vol. I, pp. 145, 294, 302 ; Vol. II, pp. 29, 37. 

^ Libro de Agricultura (trans, by J. A. Bauqueri), Vol. II, eh. 22, p. 103. 



26 THE COTTON PLANT. 

also states that the plant was cultivated in Sicily, which island had 
been in possession of the Saracens from the ninth to the eleventh 
century. 

In the reign of Abderahman III, who was ruler in Cordova from 912 
to 961 A. 1)., many of the natural products and arts of the East were 
introduced, and the cotton plant, sugar cane, rice, and the silkworm 
were naturalized in Spain. The cotton plant was chiefly cultivated at 
Oliva and Candia.' De Maries^ says: " It was the Moors who brought 
into Spain the cultivation of rice and cotton, of the mulberry tree, and 
the sugar cane." 

Columbus^ found Cotton growing abundantly in the West Indies in 
1492. He and other explorers found it equally abundant upon the main- 
land of the new world, and found the inhabitants of those countries 
using its fiber for the weaving of cloth and showing considerable skill 
in its nianrpulation. 

('ortez* found cotton in Mexico in 1519; he gathered it and used the 
wool to stuff the jackets of his soldiers to enable them to resist ther 
arrows of the natives. 

Cotton was the chief article of clothing among the Mexicans, as they 
had neither wool nor silk, and did not use flax,^ although they i)ossessed 
that plant. They made large webs from cotton fiber s[)un into yarn, as 
delicate and as fine as those made in Holland at that date. Their 
warriors wore cuirasses of cotton covering the body from neck to waist.^ 

Cotton fabrics made into mantles, waistcoats, handkerchiefs, coun- 
teri)anes, and tapestries formed part of the presents sent by Cortez to 
Charles V of Spain.^ 

Pizarro found cotton in Peru in 1522, and it has been discovered in 
the ancient tombs of that country. The writer of this paper has seen 
a cotton blanket taken from around a Peruvian mummy. The fibers, to 
which some of the seed were still clinging, were loosely spun into thick 
yarn and were in a good state of preservation. 

Magellan^ saw cotton among the Brazilians, who used a thread formed 
of its fiber to make fishing nets, clothing, and hammocks. 

T[n a word, everywhere between the parallels of 40° north and 40^ 
south latitude, with the exception of the extensive region of the United 
States now known as the cotton belt, cotton, either in its wild or culti- 
vated state, was known and used at the dateof the settlementof America. 

The history of the introduction and spread of cotton culture in the 



^ History of Mohammedan Empire in Spain, Shakespeare and Home, p. 263. 
^Histoire de la Domination dos Arabes et des Maures en Espagne, etc., translated by 
Joseph Cond^, Tome I, pp. 468, 469. 
3 Ramusio's CoUectiou, Tome II, pp. 2, 4, 16, 50. 
'*Clavigero, Histoire Mexique, Tome VII, $ 58. 
'^Clavigero, loc. city Tome I, $ 7. 
6 Humboldt, Researches, Vol. I, p. 202. 
'Clavigero, loc. cit, Tome VII, $$ 57, 66. 
"Ramusio's Collection, Tome I, p. 353. 
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United States is so closely connected with the changes in the methods 
of manufacturing cotton cloth in Europe that it is first necessary to 
consider, at least briefly, the development of those inventions which 
created such an unprecedented revolution in the textile arts. 

EARLY COTTON MANUFACTURE IN EUROPE. 

As we have seen, knowledge of the cotton plant and of the use of its 
fiber was many centuries making its way from India to the southern 
borders of Europe, and it appears to have taken as many more to 
introduce the culture of the plant and the manufacture of cotton cloth 
into that country. 

Neither the Romans nor their successors engaged in the cultivation of 
cotton or the manufacture of muslins. Descriptions of the production 
and manufacture of silk, linen, and wool in Sicily, Italy, France, and 
southern Europe generally are to be found in the writings of mediaeval 
authors, but not of cotton. Spain at the western and Turkey at the 
eastern extremity of the Mediterranean Sea were the first to engage 
in this industry, and there it was introduced by the Mohammedan 
conquerors. 

Baines,^ writing of the introduction of cotton into eastern Europe, 
says: 

I have not been able to ascertain at what time cotton began to be mannfactnred 
in Turkey in Europe ; but there seems no reason to think that it was before the 
conquests of the Turks in Roumania, in the fourteenth century ; nor could it have 
been much after, as the victorious settlers would naturally bring with them their 
own arts, and the use of cotton garments was then common in Asia Minor. The 
cotton plant found a congenial soil and climate in Roumania and Macedonia, where 
it is now (1835) cultivated to a great extent, and the spinning and weaving of the 
wool forms one of the most important branches of industry in that conntry. 

A passage in Historia Oritica de Espana,* though somewhat ambig- 
uous, would imply that the manufacture of linen, silk, and cotton 
existed in Spain in the ninth century; and De Maries states that 
the cotton manufacture was introduced into Spain during the reign 
of Abderahman HI, in the tenth century, by the Moors, who excelled 
in the arts of tanning and preparing leather, of weaving cotton, linen, 
and hemp, and in the manufacture of silk stuffs. In the fourteenth 
century Granada was noted for its manufacture of cotton, and Ebn 
Alkhatib states in a history of the country: 

Here you find also the coccus with which the cotton stnfis are dyed, for there was 
a great abundance of cotton as well for commerce as for use in manufacture, and the 
cotton garments made here are said to be superior to those of Assyria in softness, 
delicacy, and beauty. ^ 

The arts and civilization of Mohammedan Spain, however, did not 
spread rapidly into Christian Europe; Extensive as was the commerce 

^ History of the Cotton Manufacture^ p. 46. 

2 Masdeu, Historia Critica de Espa&a, Vol. XIII, p. 131. 

^Casiri: Bibliotheca Aribico-Hispana Escurialensis, Vol. II, p. 248. 
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carried on by tlio Mobammedans, it was nearly all eastward witb AMca 
and India. Even tbe Spanisb Cbristians learned but little from the 
invaders of their country, with whom they waged an incessant contest 
for eight centuries, and the manufacture of cotton was confined to the 
southern borders of Europe until the sixteenth century. The historian^ 
of the commerce of Barcelona says: 

One of the most famous and useful of the industries of that city was the manufac- 
ture of cotton ; its workers were united in a guild in the thirteenth century, and the 
names of two of its streets have preserved the memory of the ancient locality of 
their shops. 

He also says the trade was known by the name of " fustian man- 
ufactures" {fustaneros, i. e., weavers of cotton goods), and was so 
ancient that in the year 1255 the exercise of the trade was confined to 
the extremities and suburbs of tbe city because of the annoyance the 
shops caused others in their vicinity. Tbis name "fustian" comes from 
fnste, which means substance, and is &o called because it gives sub- 
stance to the thinner cloth or silk garments in which it was used as a 
lining.^ 

In the absence of dates, it is difficult to judge of the correctness of 
the claim that fustians were first made in Flanders, but it is possible 
that the Flemings may have acquired the art of the manufacture of 
cotton from the Turks during the Crusades, as they did many other arts. 
This does not invalidate the Spanish claim as to the origin of the 
manufacture in Barcelona, as the trade name was applied to the new 
Flemish stuffs. 

The earliest discovered date at which cotton manufacture existed in 
Italy was in the beginning of the fourteenth century, at which time a 
historian of Venice dates its introduction to that city. Venetian ftis- 
tians were among the articles enumerated as traded in by the English 
Society of Merchants and Adventurers in 1645.^ Among the imports 
to Antwerp in 1560 fustian and dimities of many fine sorts from Milan 
are mentioned. Antwerp also imported, about this time, fustians, linen, 
tapestry, etc., and exported to England cottons and cotton wool, the 
latter of which the merchants of Antwerp are said to have procured from 
Portugal. There is also a list of foreign goods imported by the English 
Society of Merchants and Adventurers in 1601 from Holland and Ger- 
many in which fustian, said to have been manufactured in Nuremburg,* 
appears. 

When cotton manufacture was introduced into England is not definitely 
settled. There is no mention of the manufacture or use of cotton in the 
celebrated poor law of Elizabeth (1601), though hemp, flax, and wool are 
expressly named. The first authentic record is in Roberts's Treasure of 



^ Capmany^ Tome I, Part III,p. 50. 

^ Diccionario de la Real Acad. Espana. 
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^ A treatise of commerce, 1601, p. 23, mentioned by Baines. 



W^^^ coil 



m 



HISTORY AND GENERAL STATISTICS OF COTTON. 29 

'raffie, published iii 1641 ; but it is poBsible, aiitl even probable, that 
the art was imported from Flanders by the artisaus who fled from that 
country ta£uglaiid in the latter part of the sixteenth century, as it is 
probable that the manufacture had established itself more or leas firmly 
before it attracted the attention of the author of the above-named pam- 
phlet. We may presume, then, that it was well established in England 
by 1641, but after that date the spread was not rapid. The crndeness of 
the machinery for spinning was such that fine yarn could not be ma^le. 
Both spinning and weaving were doue by individuals and families in 
their own houses on clumsy and heavy machiuea. These implements 
were but little better than those in use two thousand years before. 
The diatafi', the earliest of spinning machines, was still in use, and the 
best to be had was the one-thread spinning wheel. The loom nsed was 
scarcely an improvement on that which the East Indian had used 
centuries before, though it was constructed with greater firmness 
and compactness. Owing to imperfections in their machines, it was 
impossible for the Europeans to make cotton yarn combining strength 
and firmness. The yarn when spun was loose and flimsy; to make it 
strong it had to be heavy. 

The finished web had often to be carried a long distance to market. 
It was only in n&i that Manchester merchants began to furnish the 

■eavers iu the neighboring villages with linen yarn and raw cotton and 

pay a fixed price for the perfected web, thus relieving the weavers of 

\&ie necessity of providing themselves with material and seeking a mar- 

:et for their cloth, and enabling them to prosecute their employment 

'ith greater regularity.' 

It was also abont that time that England began to export her cotton 
goods, for until then her weavers had not been able to do more than 
supply the home demand. This foreign trade at once increased the 
demand for eottou goods, and the increased demand presented a prob- 
lem which the manufacturers at first found difficult of solution. The 
procnringof supplies of linen yarn needed for the warp of these textiles 
was not difficult, but where was the cotton yarn to come from! The 
spinners were producing already as much as their rude machines would 
permit, and additional spinners were not to be had. The demand for 
cotton thread exceeded the supply; the price of yarn rose with the 
demands of trade ani| the extension of the manufacture and operated 
as a check to the further increase of the exports. The traile had 
reached the point where hand carders, single-thread spinning wheels, 
and the hand loom, requiring a man to each machine, were clearly 
inadequate to the service, and the cotton trade of Great Britain in the 
middle of the eighteenth century seemed to have reached its limit. 
About this time Ilargreaves, Arkwright, Crompton, Cartwright, and 
Watt, men either directly or indirectly engaged in and familiar with 
the needs of the cotton manufacture, inveuted machines which raised 

' SaiDen, Inn. cil., p. 116. 
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the trade from an experimental, or at least a struggling, industry into 
the most important manufacture of the world. The carding engine, the 
spinning jenny, the spinning frame, the stocking frame, the power loom, 
and the adaptation of the steam engine to the x)ropulsion of these 
machines at once supplied the means of producing an immense amount 
of yarn and cloth. These inventions, it is true, were not in themselves 
perfect, but the principles on which they were built are those on which 
the most complicated textile machines of this day are based. 

The supply of raw material to meet the demands of the trade was 
limited. The West Indies, the Levant, and India were the countries 
from which this supply was drawn, but they were unable to furnish 
enough raw cotton to keep the new machines in operation, and it was 
necessary to look elsewhere. 

America was the only hope of the cotton manufacturer; but as at 
that time the United States produced little or no cotton, for a few years 
all the increased supply came from Brazil. 

COTTON IN THE UNITED STATES. 

As Great Britain was the last of the European countries to take up 
cotton nianufacture, and has carried it to its fullest development, so 
the United States was the last to enter the list of cotton-producing 
countries, and has been for nearly a hundred years the foremost of 
them all. The powerful influence that the production of cotton has 
had upon the commerce, industrial development, and civil institu- 
tions of the United States can scarcely be realized by one unfamiliar 
with the subject. 

It is doubtful whether cotton is indigenous to any part of this coun- 
try, and we have no authentic record of the precise time of its intro- 
duction. Cotton seed was brought in from all quarters of the globe, 
and the American plant, the result of innumerable crossings, remains, 
as to its origin, a puzzle to botanists. 

The beginning of the culture of cotton in the United States occurred 
about one hundred and seventy-five years before the industry became 
at all iujportant. The first effort to produce cotton on the North Ameri- 
can continent was probably made at Jamestown the year of the arri- 
val of the colonists. ' In a pamphlet entitled Nova Britannica ; Offering 
Most Excellent Fruits of Planting in Virginia, published in London 
in 1C09, it is stated that cotton would grow as well in that province 
as in Italy. In another pamphlet, called A Declaration of the State 
of Virginia, published in London in 1620, the author mentions cotton, 
wool, and sugar cane among the ^^naturall commodities dispersed up 
and downe the divers parts of the world, ♦ ♦ ♦ all of which may 
also be had in abundance in Virginia." 

^Description of the New Discovered Country, British State Papers, Colonial, 
Vol. I, 15, I; Economic History of Virginia in the Seventeenth Century, Bruce^ 
Vol. I, p. 194. 
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According to Bancroft/ the first experiment in cotton culture in the 
colonies was made in Virginia during Wyatt's administration of the 
government. Writing of that period, he says: 

The first culture of cotton in the United States deserves commemoration. In this 
year (1621) the seeds were planted as an experiment, and their •'* plentiful coming up" 
was at that early day a subject of interest in America and England. 

Cotton wool was listed in that year at 8d. a pound, which shows that 
it may have been grown earlier, for it is scarcely possible that it could 
have been grown, cleaned, and received in market in the same year. 

Seabrook^ states that the green-seed, or upland, variety was certainly 
grown in Virginia to a limited extent at least one hundred and thirty 
years before the Eevolution. Some of the early governors of that col- 
ony were especially energetic in their efforts to encourage its cultivation. 
Among these were Sir William Berkeley, Francis Morrison, his deputy, 
and Sir Edmund Andros. The latter, says one authority,^ "gave par- 
ticular marks of his favor toward the propagation of cotton, which since 
his time has been much neglected." 

The exports of the Virginia colony during the first thirty years of its 
existence were confined almost exclusively to tobacco, but there is evi- 
dence that in the latter half of the seventeenth century cotton was cul- 
tivated and manufactured among the planters for domestic consumption. 
Burk* states that '^ after the Eestoration [1C60] their attention was 
strongly attracted to home manufactures as well by the necessities of 
their position as by the encouragement of the assembly and the bounty 
offered by the King. But the zeal displayed in the outset for these prod- 
ucts gradually cooled, and if we except the manufacture of coarse cloths 
and unpainted cotton, * * * nothing remained of the sounding list 
prepared with so much labor by the King and recommended by legisla- 
tion, premium, and royal bounty." 

Among the earliest historical references to cotton in this country is 
that contained in "A brief description of the Province of Carolina, on 
the coasts of Florida, and more particularly of a new plantation begun 
by the English at Cape Feare, on that river, now by them called Georges 
Eiver," published in London in 16C6. The author of this tract, whose 
name is not given, says: ''In the midst of this fertile province, in the 
latitude of 34^, there is a colony of English seated, who lauded there 
the 29th of May, A. D. 1664." After giving an account of the fertility 
of the soil and its natural products, he adds: "But they have brought 
with them most sorts of seeds and roots of the Barbados, which thrive 
in this most temperate clime. * ♦ * They have indigo, very good 
tobacco, and cotton wool." Robert Home mentions cotton among the 
products of South Carolina in 1666. In Samuel Wilson's Account of the 
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* Origin, Cultivation, and Uses of Cotton. 
3 Beverly's History of Virginia, p. 90. 

* History of Virginia, Appendix to Vol. II. 
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ProviDce of Carolina in America, addressed to the Earl of Craven, and 
published in London in 1682, it is stated that ''cotton of the Cyprus and 
Smyrna sort grows well, and good i)lenty of the seed is sent thither,^ 
and among the instructions given by the proprietors of South Carolina 
to Mr. West, the first governor, is the following: "You are then to fur- 
nish yourself with cotton seed, indigo, and ginger roots." He was 
also instructed to receive the i)roducts of the country in payment of 
rents at certain fixed valuations, among which cotton was priced at 3Jd. 
per pound. 

In 1097, in a memoir addressed to Count de Pontchartrain (m the 
importance of establishing a colony in Louisiana, the author,^ after 
describing the natural productions in the country, says: ''Such are 
some of the advantages which may be reasonably expected, without 
counting those resulting from every day's experience. We might, for 
example, try the experiment of cultivating long-staple cotton." The 
presumption is that the short-staple variety had already been tried. 

In the very beginning of the eighteenth century cotton culture in 
North C'arolina had reached the extent of furnishing one-fifth of the 
people with their clothing. Lawson,^ speaking of the prosperity of 
the country and commending the industry of the women, says: 

We have not only provision plentiful, but clothes of our own manufacture, which 
are made and daily increase, cotton, wool, and flax being of our own growth, and the 
women are to be highly commended for industry in spinning and ordering their 
housewifery to so great an advantage as they do. 

About this time cotton became widely distributed and cotton patches 
were common in Carolina. In fact, it is said to have been one of the 
principal commodities of Carolina as early as 1708, but its culture 
was only for domestic uses, and the same authority^ speaks of its 
being spun by the women. 

Charlevoix,* in 1722, while on his voyage down the Mississippi, saw 
" very fine cotton on the tree" growing in the garden of Sieur le l^oir, 
and Captain Roman,^ of the British army, saw in East Mississippi black- 
seeded cotton growing on the farm of Mr. Krebs, and also a machine 
invented by Mr. Krebs for th© separation of the seed and lint. This 
was a roller gin, and possibly the first ever in operation in this country. 

Pickett^ says that in 1728 the colony of Louisiana, which at that date 
occupied nearly all the southwest part of the United States, including 
Louisiana, Mississippi, and Alabama, was in a flourishing condition, 
its fields being cultivated, by more than 2,000 slaves, in cotton, indigo, 
tobacco, and grain. 



1 French's Historical Collections of Louisiana and Florida. 

2 History of North Carolina, p. 142. 

^Oldmixon, The British Empire in America, 1708, p. 376. 
'♦Louisiana Historical Collections, p. 159. 

^' Clay bom's Mississippi as a Province, Territory, and State, p. 142. 
« History of Alabama, Vol. I, p. 274. 
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Peter Piirry, tlie founder of Purryville, in South Oaroliua, iu his 
description of the Province of South Carolina, drawn up in Oharleston 
in 1731, Bays: " Flax and cotton thrive admirably." 

In 1734 cotton seed was planted in Georgia, being sent there by Philip 
Nutter, of Chelsea, England. Francis Moore,' who visited Savannah 
in 1735, in his description of that place, says: 

At the bottom of tha hill, well sholtered fruni tho north wiDd and iu the warmeat 
part of the garden, tliore w«H a oolloction of West Indiau plnntfl and trees, Bomo 
cnfToe, Home ooooanllta, cotton, etc. 

About the same time the settlers on the Savannah Kiver, about 21 
miles north of Savannah, are said to have experimented with cotton, 
the date being fixed by McCall * aa 1738. 

One of the striking features connected with the early culture of cot- 
ton in tho American colonies is that it was grown as far north as the 
thirty-ninth degree of latitude. Trench Coxe, of Philadelphia, who 
contributed so greatly to the early success of the culture and manof^- 
ture of cotton in theUnitetl States, says: 

It ia a {avt well anthentii'ated lo the writer that the cnltivation of cotton on the 
garden Hcale, thoagh not at all aa a planter's crop, was intimately kaomn iind tbor- 
oiighly practiced in the vicinity of Easton, in the count; of Talbot, on the eastern 
shore of tlie Chesapeake Bay, Maryland, as early as 1736. 

Its cultivation was so well understood in this part of the country 
that, according to the same authority, the necessities of the Revolu- 
tionary war occasioned it to be raised for army use in the counties of 
Cape May, New Jersey, and Sussex, Delaware, and it continued to be 
raised, though only in small quantities for family use. At the time of 
the Eevolution the homegrown cotton was sufficiently abundant in 
Pennsylvania to supply the domestic needs of that State, Cotton was 
also cultivated in Charles, St. Marys, and Dorchester counties, Mary- 
land as late as 1826.^ And at a later date (1861-1864) upland cotton 
was cultivated, and at the prices current at that date was a most 
profitable crop on the eastern shore of Maryland. Cotton was grown 
with very good results in Northampton County, on the eastern shore of 
Virginia, in those years. 

The cultuie anil improvement of cotton had received considerable 
attention by the planters of South Carolina and Georgia as early as 
1742. In 1739 Samuel Auspourguer* attested under oath that the "cli- 
mate and soil of Georgia are very fit for raising cotton " 

William Spicer also certified to the adaptability of the country for 
cotton production, and that he had "brought over with him (to London) 
several pods of cotton which grew in Georgia." 

A tract entitled "A state of the Province of Georgia, attested under 
oath in the court of Savannah," published in 1740, says of cotton that 

' Georgia Historical Collection, Vol. I, p. 100. 
'History of Georgia, Vol. I, p. 199. 
'Meyer's llegister, 1826. 

' Georgia Historical Collection, Vol. II. p- 196. 
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^^arge quantities had been raised, and it is much planted; bat the 
cotton, which in some parts is perennial, dies here in the winter; never- 
theless the annual is not inferior to it in goodness, but requires more 
trouble in cleansing from the seed."* In the same tract it was "pro- 
posed that a bounty be settled on every product of the land, viz, corn, 
peas, potatoes, wine, silk, cotton," etc. In "A description of Georgia, 
by a gentleman who has resided there upward of seven years and was 
one of the first settlers," published in London in 1741, the author states 
that "the annual cotton grows well there, and has been by some indus- 
trious peoiile made into clothes." 

Samuel Seabrook, in "An important inquiry into the state and utility 
of (leorgia," published in 1741, says: " Among other beneficial articles 
of trade which it is found can be raised there, cotton, of which some has 
also been brought over as a sample, is mentioned." In his description 
of St. Simons Island ihe same author says: 

The country is well cultivated, several parcels of land not far dintaut from the camp 
of General Oglethorpe's regiment having been granted in small lots to the soldiers, 
many of whom are married. * * * The soldiers raise cotton and their wives spin 
it and knit it into stockings. 

A publication in London in 1762 says: "What cotton and silk both 
the Garolinas send us is excellent and calls aloud for encouragement of 
its cultivation in a place well adapted to raise both."^ 

Captain Eobinson, an Englishman who visited the coast of Florida 
hi 1754, says the "cotton tree was growing in that country." The 
Florida Territory then extended from the Atlantic to the Mississippi 
River. That it was cultivated in East Florida about ten years after 
this is evidenced by William Stork, who says: "I am informed of a 
gentleman living upon the St. Johns that the lands on that river below 
Piccolata are in general good, and that there is growing there now 
(17Go) good wheat, Indian corn, indigo, and cotton."^ 

Cotton early attracted the ^.ttention of the French colonists in Louis- 
iana. In the year 1752 Michel,* in a report to the French minister on 
the condition of the country, gave interesting details of the cultivation 
of cotton and the difficulty found in separating the wool from the seed. 

In 1758 white Siam seed was introduced into Louisiana. Du Prate 
says: '^ This East India annual plant has been found to be much better 
and whiter than what is cultivated in our colonies, which is of the 
Turkey kind." 

Letters from Paris to Governor Roman state that there is among the 
French archives at Paris, Department of Marine and Colonies, a most 
curious and instructive report on cotton in 1700.'^ It was found to be a 
very profitable crop in Louisiana, for in the year 1768 the French plant- 
ers, in a memoir to their Government, complained that the parent Gov- 

1 Patent Office Reports, Vol. VII, 1853, 1854. 

2 Bishop's History of American Manufacture. 

3 Stork's Description of East Florida; London, 1765. 
^De Bow's Review, Vol. I, p. 439. 

»De Bow's Review, Vol. I, p. 300. 
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erameiit Lad tiirDed them over to tlie Spaniards jnat "at tlie time when 
a new mitjeliod boon discovered; wheu tlio culture of cottou, improved 
by experience, promises the plaiiter a recompense of his toils, aud fur- 
uisLes peraous engaged in fitting out vessels with the cargoes to load 
them." 

In 1762 Captain Bossii,' of tb© French murines, said : " Cotton of this 
country (Louisiana} is of the Hi)ecies called the white cotton of Siam, 
It is neither so fine nor so long as the silk cotton, but it is, however, 
very white and very fine." 

lu 177fl the provincial congress of South Carolina recommended the 
cultivation of cotton, and in the same year a similar enactment was 
passed by the Virginia assembly, which declared that "all persona hav- 
ing proper land onght to cultivate and raise a quantity of hemp, Jiax, 
and cotton, not only for the use of their own families, but to spare to 
others on moderate terms." This legislation no doubt was suggested 
on account of the changed relations of the colonies with Great Britair , 

In 1786 Thomas Jefferson,' in a letter, says: 

Tho four BOntherumoBt States make a great deal of cotton. Tlioir poor are almoBt 
entirely clotljed with it in winter and sum met. In winter tLeywutirsliittH of it and 
oater ulothing of cotton and wool mixed. In Boninier tlieir ahirts are linen, bat the 
4inter alothing cotton. The dresa of the wouien is almost entirely of cotton, mauu- 
factured by themselveB, except the richer clasa, and even many of these wear a great 
deal of haniDapun cotton. It ia an well nianufattured aa the ualtcoea of Europe. 

At the (ionvention at Annapolis in 178fi James Madison expressed 
the conviction that from the experience already had " from the garden 
practice in Talbot County, Md., and the circumstances of the same 
kind abounding in Virginia, there was no reason to doubt that the 
United States would one day become a great cotton-producing country." 
This year Sea Island cotton seed was introduced into Georgia, the seed 
being sent from the Bahama Islands to Governor Tatnall, William 
Spaulding,' Kichard Leake, and Alexander Pisset, of that State. The 
cotton adapted itself to the climate, and every successive year from 
1787 saw long-staple cotton extending itself along the shores of South 
Carolina and Georgia. 

According to Thomas Spaulding, the first plant«r who attempted 
cotton culture on a large scale was Richard Leake, of Savannah, but 
the editor of Niles Register (1824) says that Nichol Tarnbull, a native 
of Smyrna, was the first planter who cultivated cotton upon a scale 
for exiiortation. His residence was at Deptford llall, 3 miles fiom 
Savannah, where he died in 1824. 

In a letter, dated Savannah, December 11, 1788, to Col. Thomas 
Proctor, of Philadelphia, Leake says: 

I have been this yuar au adventurer (aud the liTBt that has attempted it on a large 
Hcale) in introilnciu}; a now utaplo lor the planting interests — the article of cotton — 
samples of which I bug teavo now tii send you and reqneat you will lay them before 

iTravels tbroiiKh the Pn>yince of North America railed Louisiana, 
"Notes on the State of Virginia, 1781. 
^Thomae Spaulding in Niles Register, 182ti. 
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the Philadelphia Society for Encouraging Manufactures, that the quality may be 
inspected. S<)veral liere, as well as in North Carolina, have followed me and tried 
the experiment, and it is likely to answer our most sanguine expectations. I shall 
raise about 5,000 pounds in the seed from 8 acres of land, and next year I intend to 
plant about 50 to 100 acres if suitable encouragement is given. The principal diffi- 
culty that ariscH to us is the cleauHing it from the seed, which I am told they do 
with great dexterity and ease in Philadelphia with gins or machines made for the 
purpose. « « « J am told they make those that will clean 30 to 40 pounds clean 
cotton in a day and upon very simple construction. 

The first attempt in South Carolina to produce Sea Island cotton was 
made in 1788 by Mrs. Kinsey Burden at Burdens Island. As early as 
1779 the short staple was produced by her husband, whoK.e negroes 
were clothed in homespun cotton cloth. Mrs. Burden's efforts failed. 
The plants did not mature, and this was attributed to the seed, which 
was of the Bourbon variety. The first successful variety Appears to 
have been grown by William Elliot on Hilton Head, near Beaufort, in 
1790, with 5J bushels of seed, which he bought in Charleston and for 
which he paid 14s. a bushel. He sold his crop for lOJd. a pound. 

In 1791 John Scriven, of St. Lukes Parish, planted tiO to 40 acres on 
St. Marys River. He sold it for from Is. 2d. to Is. 6d. per pound. It 
is certain that at this period many planters on the Sea Islands and con- 
tiguous mainland experimented with long-staple cotton, and probably it 
was produced by them for market. 

One of the earliest reports of export of cotton from the Colonies is a 
bill of lading which certifies that on July 20, 1751, Henry Hansen 
shipped, ''in good order and well conditioned, in and upon the good 
snow called the Mary, whereof is master under God, for this present 
voyage, Barnaby Badgers, and now riding in the harbour of New York, 
and by God's grace bound for London — to say — eighteen bales of cot 
ton wool, being marked and numbered as in the margin,^ and are to be 
delivered in like good order, and conditioned, at tbe aforesaid port of 
London (the danger of the sea only excepted), unto Messrs. Horke and 
Champior or their assigns, he or they paying freight for the said goods, 
three farthings per pound primage and average accustomed." 

The feeling regarding the culture and manufacture of cotton in tbe 
Colonies at this period may be gathered from the following extract 
from a letter of July 7, 1749, addressed by the Georgia office of London 
to the governor of Georgia: 

You say, sir, likewise in your letter, that the people of Vemonhiirgh and Aeton 
are giving visible appearance of revising their industry ; that they are propagating 
large quantities of flax and cotton, and that they are provided with weavers, who 
have already wove several large pieces of cloth of a useful sort, whereof they sold 
divers, and some they made use of in their own families. The account of their 
industry is highly satisfactory to the trustees ; but as to manufacturing the produces 
they raise, they must expect no encouragement from the trustees, for setting up 
manufactures which may interfere with those of England might occasion com- 
plaints here, for which reason you must, as they will, discountenance them ; and it 
is necessary for you to direct the industry of these people into a way which might 



^Five bales marked III^ No. 1 to 5; 13 bales marked II, No. 1 to 13. 
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ho more beneficial to theiuBelvea and would prove aatiafoctory to tlie truatoeB and 
the imblLc ; tliat is, to show tLeiu what advantages thuy will reap ftoni the produce 
of ailk, which tliey will ruunive imweiliate pay ibr, and that this will not interfere 
with or prevent their raising &ia. or nutton, ur any other proiluces for exportation, 
Tinmaniifiictured. * • " 

A pamphlet entitled A Description of South Carolina states that 
cotton was imported to Carolina from the West Indies, and it is prob- 
able that the early shipments from this country were of this West 
Indian cotton, although English writers mentioned it as au import of 
Carolina cotton.' 
Donnell says : 

The firet regular exportation of cotton from Charleston was in 1T85, whim one bag 
arrived at Liverpool, per ship Diana, to ,Iohu and laaao Teoadale & Co. The expor- 
tatiou of cotton itom the United States could not have been murh earlier, for we 
find iu 1784 eight bags shipped to England wore Bci/.ed on the ground of fraudulent 
importation,' as it was not believed that so much cotton could he produced in the 
United States. 

The exportation during the next six years was successively 6, 14, 109, 
389, 842, and 81 bags.^ 

Dana gives* the following data concerning the export movement from 
1739 to 1793 : 

1739. — Samuol Auspourguer, a Swiss liviug iu Georgia, took over to London, at tlie 
time of the controversy ahout the introduction uf slui'UEi, a sample of cotton 
raised by him in Georgia. This we mayoftll, iu the absence of a butter start- 
ing point, the first export. 
1747.— During this year several bags of cotton, rained at £3 Us. 5d. per bag, were 
exported froui Charleston. Doubts as to thiH being of American gronth 
have been expressed, but as cotton had been cultivated in Sonth Carolina for 
many years there does not seem to be auy rcasou fur siicll doubts. Besides, 
English writers Diention it is as an import of Carolina cotton. 
1753. — "SoTiio cotton" is mentioned among the exports of Carolina in 1753, and of 

Charleafou iu 1757. ' - ■ 
1764. — Eight (8) bags of cotton imported into Liverpool from the United States. 
1770. — Throe {3) bales shipped to Liverpool ftom New York; ten (10) bales from 
Charleston ; four (4) from Virginia and Maryland, and three (3) barrels from 
North Carolina. 
17S4.~Abont fourteen (14) bales shipped to Great Britain, of which eight (8) were 

seizeil as improperly entered. [See above,] 
1785. — Five (5) bags iiiLported at Liverpool. 
17B6.— Nine hundred (900) pounds importi'd iuto Liverpool. 
1787. — Sixteen thousanii three hundred and fifty (16,350} pooiids imported intoLivor- 

1788.— Fifty-eiglit thousand five hnndriMl (J8,500) pounds imported into Liverpool. 
1789, — One hundred and twenty-seven thousand five hundred (127,500} pounds im- 
ported into Liverpool. 

' Caasel's Cotton Culture in the Bombay Presideucy. 
-The laws of England at that time reijuired imports t 
from which the product was exported. 
^Donnell'slliHlory of Cotton, p. 9. 
^ Cotton from 6eed to Loom, p. 21. 
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1790. — Fourteen thotiHand (14,000) pounds imported into Liverpool. We can find no 
reason for this marketl decline in the exports except it may be that the crop 
was a failure that year. Our lirst supposition was that the cause was one of 
price, but on examining the quotations in Took's work on ** high and low 
prices'' we do not see any marked decline in the values of other descriptions 
of cotton, and the American staple is not given in his list until 1793. 

1791.— One hundred and eighty-nine thousand five hundred (189,500) pounds imported 
into Ijiver]K>ol, the price averaging here 26 centH. 

1792. — (3ne hundre<l and thirty-eight thousand three hundre<l and twenty-eight 
(138,328) pounds iniporte<l into Liverpool. 

Great difliculty was exi>erien(;e(l in separatini; tlie seed from the lint 
of uplaud cotton. Tbe .work waH done by hand, the task being 4 poands 
of lint cotton per week from each liea<l of a family, in addition to the 
nsual fiekl work. This would amount to one bale ia tWo years. A 
French planter of Louisiana (Dubreuil) is said to have invented a 
machine for separating lint and seed us early as 1742. The demand for 
such a machine not being very great at that date, no record as to its 
character has been i)re8erved. The roller gin, in very much the same form 
as Nearchus, the admiral of Alexander the (treat, found it in India, was 
still in use. In 1790 Dr. Joseph Eve, originally from the Bahamas, but 
then a resident of Augusta, Ga., nnulc great improvements on this 
ancient machine, and adapted it to be run by horse or water power. A 
corresjwndent of the American Museum, writing from Charleston, S. C, 
in July of that year, states *'that a gentleman well acquainted with 
the cotton manufaciture had already completed and in oi>eration, on the 
high hills of Santee, n(»ar Statesburg, ginning, carding, and other 
machines driven by water, and also spinning machines with eighty-five 
spindles each, with every article necessary for manufa<tturing cotton.'' 
A machine dating anterior to this year, and having a strong resem- 
blance to the above, possessing in ftict all the essentials of a modem 
cotton gin, was exhibited at the Atlanta Exposition in 1882. It came 
from the neighborhood of Statesburg, but its history could not be 
ascertained. 

In 1793 Eli Whitney petitioned for a patent for the invention of the 
saw cotton gin. llis claims were disputed, and he defended them in 
the State and Federal courts for nearly a generation, obtaining at last 
a verdict in his favor. Meanwhile the saw gin had become an estab- 
lished fact, and the planter at last had a machine which enabled him 
to produce cotton at a cost that would leave him a good profit. The 
first saw gin to be run by water power was erected in 1795 .by James 
Kincaid near Monticello, in Fairfield County, S. 0. Others wjBre put up 
near Columbia by Wade Hampton, sr., in 1797, and in the year follow* 
ing he gathered and ginned from 600 acres 000 bales of cotton. 

The cotton exportation from the United States increased from 487,600 
pounds in 1793 to 1,000,000 pounds in 1794, the year in which Whitney's 
gin was i)atented. In 179C, a year after he had improved his machine, 
the production had risen to 10,000,000 pounds. In fact, the increased 
production was so great that the planters began to fear they would 
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oyerstock the market, aud one of them, upon looking at bis newly gath- 
ered crop, exclaimed: "Well, I have done with cultivation of cotton; 
there's enough in that giohouse to make stockings for all the people 
in America." Yet the production of cotton did not advance with that 
rapidity to which we are now ncctistomed. 

The cotton industry being of secondary importance prior to 1790, 
information and statistics relative to the amount produced areuotavail- 
able, but the following table' gives the production at different dates 
iroui that time to 1895: 

Cotton crops of the United States at stated periods. 
[Eipresaed iu bales of iW poundii not.] 
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Within one hundred years, from 1790 to 1890, the production of cot- 
ton in the United States increased from J),000 bales to over 10,000,000 
bales. The crop of 1894-95 exceeded that of 1878-79 by nearly 6,000,000 
bales, or over 100 per ceiit increase in sixteen years. 

The following tables show the cotton acreage for the years 1878 to 
1896, inclusive, and the estimated production and exportation of Sea 
Island cotton for the years ISSO to 1894, inclusive: 

Aoreage tn Botton in the United Stales ; 1S7S to 1896. 
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Except where otlierwisost ted, the atat eti eueed tit s art lenreta inuuiuly 
from Kpt. U, S. Senate Com. on Agr. anil Forestry, Fob. 23, 1893; Slii'ppewon'e 
Cotton Facts, 1895; and reports of the Bureau of Statistics, U. S. Troosury. 
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Jertage in eotUm in the United States: 187S to 1896— ContianeA. 
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The first cotton mill erected in the United States was built at Bev- 
erly, Mass., in 1787-88. This was soon followed by others in various 
towns along the east border of the country, especially Pawtueket and 
Providence, E. I., Boston, Mass., New Haven and Norwich, Conn., New 
York City, Pateraon, N. J., Philadelphia, Pa., and Stateaburg, 8. C. 
lit them cardiug and spinning were done by machinery, but the weav- 
ing was on hand looms until 1815, at which date a power-loom mill was 
started at Waltham, Mass. The use of band looms and spinning 
wheels for cotton manufacture was common in all parts of the country 
before the Bevolntion, especially in the Southern colonies, and these 
continued to be used by the women in their houses many years after 
the erection of cotton factories. 

lu 1831 there were in the United States 801 cotton mills, with 33,433 
looms and 1,216,703 spindles, employing 62,208 persons aud consuming 
77,467,316 ponnds of raw cotton, with $40,012,984 capital. In 1860 there 
were 1,091 mills, with 126,313 looms and 5,23,^,727 spindles, employing 
122,028 workmen, and having $98,585,269 capital. TJie raw material 
used was 422,704,975 pounds, valued at $57,285,534, aud the value of 
the finished product was $116,681,774. 
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Daring the great "cotton famine" caused by the civil war the pro- 
duction of cotton in the United States practically ceased, and it was 
not until 1867-68 that the cotton indastry regained the position it had 
held in 1860. From that period until 1880 there was irregular hut 
decided growth in the indnstry. 

The supply and consnmptioa of cotton in the TJsitod States from 
1791 to 1895 is shown in the following table, compiled by Watkins:' 
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iVwdHoHoA and contumptioH of colUm {» tie J'nited Slain, «4i. — Contlniwd. 
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oEstlmatod. eEBUmate of Department of Agriculture. 

The exports of cotton from the United States to Great Britaiii from 
1780 to 1700 averaged ouly ^^ of the total cotton iiniiortsof that couu- 
try, but sixty years later, from 1846 ti) 1850, the United States supplied 
four-liftfasof Great Britain's demand for cotton. From 1786 to 1790 
the average amount of cotton imported by Great Britain irom the 
United States waa 100 bales (of 400 pounds each); from 1810 to 1820, 
166,310 bales; from 1846 tol850, 1,297,230 bales; and from 1870 to 1880, 
2,589,070 bales. Of the supply of cotton available for the United States 
and Europe in 1850-51 the United States furnished 2,530,000 bales, or 
81 per cent, and although the gross production has so greatly increased 
since that date that in 1891-92 the United States produced 10,664,000 
bales, tbe proportion of the cotton available for Europe and the United 
States furnished by the United States has never been greater than 83 
per cent (in 1892). 
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The cotton raised here in former times, though short in staple, was 
the finest known in the world, and formed the material out of which the 
very delicate and extremely beautiful Dacca muslin was manufactured. 
This interesting and indefinite variety of Oossypium herbaceum is known 
as Dacca cotton, and what little is raised is used at home in the looms 
of a few weavers at Bazitpore and Polsia and seldom finds its way to 
Calcutta. 

The border lands of the Ganges are too low and marshy and the rain- 
fall too great for the successful cultivation of cotton, but the hills 
back from the river are suitable for this purpose, as they are better 
drained. 

The Doab and Bundelcnnd districts produce almost the entire crop of 
the northwest provinces, and furnish about 70,000,000 pounds of cotton 
for exportation, which is a good " India cotton.'' The climatic character 
of these districts is << first a flood and then a drought," with an inclina- 
tion to an insufficiency of rain, in great contrast to that of Lower Bengal. 

The Deccan, or Central India, is the great cotton section of India. 
It occupies the triangular area lying south of the Vindhyau Moun- 
tains, in latitude 23^ north, and extends to the valley of the Eistna, at 
160 north, with the Eastern and Western Ghauts on either side. It is 
an elevated table-land of undulating surface, having soil of great excel- 
lence and richness and of a consistency to retain moisture for a long 
ime. Nearly all the cotton for export is raised within this region and 
finds its market at Bombay. 

The Deccan may be divided into the Nagpore, Hyderabad, Berar, 
and Dharwar districts. 

The soil in the valleys of Nagpore is a rich black loam which becomes 
very sticky and muddy during the rainy season and hard and cracked 
during the dry season, in this respect very much resembling some of 
the Alabama soils. In the hilly portion there is a red clay soil. The 
cotton grown within this district is very fine and soft, indicative of a 
moist and equable climate, especially that produced in the valleys of the 
Wurda and its tributaries. It is known commercially as ^^Hinganghat 
cotton," from the chief town of that section, and is considered as pos- 
sessing the highest qualities of any India cotton. 

Hyderabad is a plateau with a surface more or less hilly and a gen- 
eral elevation of 2,000 feet above sea level. The soil between the hills 
is remarkably fertile, and along the Kistna, Godavery, and Wurda 
rivers and their tributaries is to be found some of the most productive 
soil of India. 

Berar is an elevated valley through which flow several large streams 
that enter into the Godavery and drain a country the soil of which is 
unsurpassed in richness and depth and adaptability to the cultivation of 
cotton. From this section comes the cotton known as " Oomrawattee," 
or Oomras. 

Dharwar is another good cotton district, being especially suited to 
the acclimatizing and culture of American cotton. The extent of 
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territory is Bmall, but being near the sea and iiosseBsing a tolerable 
nuiforinity of atmospheric moisture, the conibination of climate and 
soil is better adjusted for the productiou of cotton than any other ])art 
of the Deceau, and eonseiiuently than auy other region of India. 

Western India is of no 8i)eeial interest in this connection, not being 
a heavy producer of cotton except in the provinces of Seinde, Outch, 
and Guzerat. The soil of these provinces varies in richness and pro- 
ductiveness from sand to deep black alluvium. The greatest drawback 
to the cultivation of cotton in this region is the extreme heat and the 
drought succeeding a rainy season of small precipitation — 3 to 10 
inches Iti Seinde and Cntch, though parts of Guzerat have a yearly 
fall of 40 inches. 

Southern India, or the southern part of the Madras Presidency, is 
best represented in cotton culture by the provinces of Coimbatore and 
Tinuevelly, which border on the Western Ghauts, where the atmos- 
phere is humid. The cotton raised in the latter province is the best 
grown ill southern India. 

Although India has always produced large quantities of cotton, and 
made most beautiful and delicate webs from its fiber, exporting these 
febrics to all parts of the world, it is only within the past one hundred 
years that she has exported any considerable quantity of raw cotton. 

The Secretary of the Treasury of the United States in 1836 esti- 
mated the cotton crop of India for 1801 at 400,000 bales of 400 pounds 
each; but of this amount, according to Watt and Murray,' "the imports 
into Great Britain from India during the years 1800 to 1809 averaged 
12,700 bales per annum," and "in 1818 the export to the United King- 
dom amounted to 247,000 bales — the largest quantity exported from 
India up to 1833— bnt in 1831 had fallen to 20,000 bales." 

The estimated yield of cotton in India for 1834 was 463,000 bales of 
400 pounds each, showing but a slight increase over the production in 
1801, and indicating that the increased exportation from that country 
was at the expense of home consumption, caused by some falling ofl'of 
the American crop and not nn equal increase in production. 

"The final result of the contest between America and India in cotton 
supply," says Watt, "is too well known to require any recapitulation. 
America had gained command of the market, and India was considered 
only as a supplementary source of supply, resorted to mainly in the 
event of a short crop in the West." 

The following table gives the production of cotton in India from 186!) 
to 1894: 
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Important and interesting as are the Indian manufactares of cotton 
it is impossible in this publicatiou to do more than briefly sketch their 
progress. The total number of hand looms in the conntry and the 
amount of raw material tliey consume are quite large, but it is impossi- 
ble to give accurate figures for either. As the power mills of India 
increased and importation of foreign goods was augmented, the finer 
fabrics of the hand loom, such as Dacca muslin, once so famous all over 
the world, ceased to he produced, uutil now they are rarely se^n, and 
the present generation of weavers, from lack of demand for their prod- 
uct, have almost lost the art which, tran8mitt«d from father to son for 
4,000 years, had placed them easily first among the weavers of the world. 

The first mill built in India was opened for business at Bombay in 1854. 
This was followed by another in 1855, and by a third in 1857. In 1861 
there were 12, with 338,000 spindles and an estimated annual consump- 
tion of 05,000 bales of 390 pounds to the bale.' 

lu 1870, twenty-five years after the erection of the first mill, the 
number had increased to 56, with 1,500,000 spindles. 

in 1889 there were 124 mills, working 21,600 looms, 2,763,000 spindles, 
employing 91,600 hands, and consuming 888,700 bales of raw cotton. 
Three-fourths of this consumption was by mills in Bombay Presidency; 
Bengal Presidency being second, using 85,000 bales, and Madras Presi- 
dency third, working up 43,750 bales. 

In 1893-94 India mills took 1,222,000 bales of 400 pounds net for 
consumption, about 41 per cent of her crop. India is also a large 
buyer of cotton yarns and cloth, as in 1892 she inipoited 50,404.318 
pounds of cotton yarn and twist, valued at $0,380,000, and cotton man- 
ufactures valued at »52,867,0(H). 

ladia less than twenty-five years ago took IJ i)er cent of all cotton 
grown and now consumes 10 per cent. 

The growth of cotton manufacture in India since 1861 is shown by 
the following statistics: 
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About 125,000 persons are now employed in the mills. 

' Watt, Dictionaif of Economic Products uf India, IV, p. 158. 
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COTTON IN EGYPT. 

From time immemorial a fine quality of cotton has been grown in 
the upper regions of the Nile, particularly in Abyssinia. Seed of this 
variety was brought to Lower Egypt about 1820, and from about this 
date Egypt has been a regular exporter of cotton to European markets. 
From 1821 to 1856 the quantity varied from 15,000,000 to 50,000,000 
pounds annually; but Egypt felt the stimulus of the cotton famine of 
1861-1865, which caused all cotton-growing countries to increase their 
yield. 

In 1860 the exx)ort duty of 10 per cent levied by the Government had 
been reduced to 1 per cent, and this also stimulated the culture, and 
the annual average export for the decade 1861-1870 was 310,000 bales 
of 400 pounds each. Unlike other cotton- growing countries, Egypt did 
not reduce its cotton production upon the resumption of shipments 
from America, but has steadily increased its output, as will be seen from 
the following table: 

Exports of cotton from Egypt to Europe and the United Kingdom, 



Year. 



1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 



Bales. 



410, 000 
347,000 
'472,000 
438,000 
400, 000 
255, 000 
456, 000 
405,000 



Year. 



1882 
1883 
1884 
1885 
1886 
1887 
1888 



Bales. 



423,000 
329,000 
384, 000 
500, 000 
410.000 
418, 000 
411, 000 



Year. 



1889 
1890 
1891 
1892 
1893 
1894 
1895 



Bales. 



388,000 
433,000 
538.000 
620,000 
678, 000 
664,000 
634,000 



According to Foaden * the present production is about 597,500,000 
pounds of fiber, practically the whole of which is exported; and 
22,275,000 bushels of seed, of which the greater part is exported. 

Extensive irrigation and drainage systems ar6 in course of construc- 
tion which will doubtless greatly increase the area of cotton cultui'e. 
Moreover, other crops are being abandoned to some extent and cotton 
substituted for them. 

Mako-Jumel, the name given the variety of cotton first cultivated 
experienced many changes and evolutions in Egypt, gradually chang- 
ing its color to a yellowish brown, and this new variety was known 
as Ashmouni, from the valley of Ashmouu, where this change was 
first noted. The principal varieties of Egyptian cotton are the Ash- 
mouni, Mitafifi, Bamia, Abbasi, and Galliiii. For many years the 
Ashmouni formed the bulk of the Egyptian crop, but it is now almost 
entirely superseded by the Mitafifi. In color it is a lightish brown 
and its staple is over an inch in length. Its cultivation is continued 
in some parts of Egypt, but the acreage of this variety is decreasing 
every year. In Upper Egypt, however, it is more extensively culti- 
vated, the soil there being less favorable to Mitafifi. 



Foadeii; MS. article on cotton culture in Egypt, in the possession of this Office. 
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The Mitafifi cotton was discovered by a Greek merchant in the vil- 
lage of that name. The seed has a blaishgreen tuft at the extremity, 
which attracted the merchant's attention, and on planting it he found 
that it possessed decided advantage over the old Ashmooni. It is more 
hardy and also yields a greater proportion of lint to the seed. At first 
from 315 pounds of seed cotton 112 pounds of lint was secured, and 
sometimes even more. It is now somewhat deteriorated and rarely 
yields so much, averaging about 100 x)ounds of lint to 315 of seed cot- 
ton. The Mitafifi is a richer and darker brown than the Ashmouni. 
The fiber is long, very strong, and fine to the touch, and is in great 
demand. In fact it controls the market. 

Next to Mitafifi, Bamia is x>erhaps the most extensively cultivated 
variety in Lower Egypt. It was discovered by a Copt in 1873. The 
plant is of large size and coarse growth. It is later and less hardy 
than Mitafifi, and the fiber is poor as compared with that of Mitafifi 
and Abbasi, light brown in color, and not very strong. In general it 
may be said that this variety is inferior to Mitafifi in yield, hardiness, 
and length and strength of fiber. 

Abbasi is a variety of recent introduction and is not yet very exten- 
sively grown. It was derived from the Mitafifi through the Zafiri. It 
resembles Mitafifi, but is somewhat earlier. <^The lint is of a beauti- 
ful white color, fine, silky, very long, though not so strong as Mitafifi, 
and the first two pickings command the highest price in the market.'' * 

The Gallini cotton, derived from Sea Island and closely resembling 
it, has almost entirely disappeared from cultivation, as the* quality has 
deteriorated to such an extent that it is diflScult to sell. In 1891 only 
122 cantars (less than 20 bales) were on the market, and they were not 
readily sold. 

Among other varieties may be named Hamouli, of a good mellow 
brown color, not so long in staple as the Mitafifi, but producing a good 
proportion of lint 

From 1879 to 1894, on the State domains, the average yield per acre 
was 425 pounds, valued at $42.59 per acre; from 1890 to 1894, inclusive, 
the yield of cotton gave on an average $43.14 per acre. During the three 
years 1892, 1893, and 1894 the money yield, including value of cotton 
seed, lint, and wood (stubble), has averaged $52 per acre. The cotton 
seed brings about $4.50 per acre. The wood is valued at about $2.50 
per acre, being used as fuel. 

Foaden gives the following estimate of the present cost of growing 
an acre of cotton in Egypt: 

Cost per acre of gromng cotton in Egypt, 

Rent of land, including taxes $27. 00 

Irrigation 7. 00 

Preparation of land, seeding, manuring, etc 5. 50 

Cost of seed 50 

Cultivation, including hoeing, thinning, etc 2. 00 

Picking 4.00 

Total 46.00 

* Foaden, loc, oit. 
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The return from lint, seed, etc., is stated by him to be $66, thus 
yielding a profit of $20 per acre. 

A small Arab fanner who works his crop with his family can produce 
cotton much cheaper. The average yield of lint cotton per acre is 340 
pounds, but good lands produce 700.^ 

The cotton gins in use in Egypt are of the roller pattern, there being 
}ibout 100 ginning mills in the country, distributed in all the chief 
cotton centers. There are also hydraulic presses attached to nearly all 
the mills, so that the cotton comes to Alexandria, the shipping point, 
hydraulically pressed. There are but few steam press mills in the 
country, so that the great business of preparing for exportation is con- 
fined to Alexandria. 

The Egyptian cotton is put up in close, compact, tough covering. 
The bales are long and sniooth, weigh from 700 to 750 pounds, occupy 
15,620 cubic feet, are plainly marked, and are wrapped close and bound 
strong and tight. Being so well covered and bound, injury from fire, 
water, dirt, and dust is minimized. Ships which can pack 10,000 or 
12,000 bales of Egyptian cotton can take only from 6,000 to 8,000 bales 
of American cotton, although, according to the ratio of weights, they 
should take 14,000 bales. As it is, the cost of freighting is much 
heavier for American cotton per pound than for the Egyptian, and 
there is much waste in unnecessary packing Material, and loss by dirt, 
mud, and bursting of bales, which affect about equally the producer 
and tlie manufacturer. 

Egyptian cotton is not as fine as Sea Island cotton, and of course 
does not bring so high a price, but is better than American upland cot- 
ton for gpods requiring smooth finish ancl high luster. It gives to 
fabrics a soft finish' somewhat like silk. It has a strong, silky staple 
from 1 J to If inches in length. 

The imports of Egyptian cotton into the United States for the sea- 
sons ending August 31 were at different periods as follows; 

Imports of Egyptian cotton into the United States, 



Year. 



1884-85 

1885-86 

188G-87 

1887-88 

1888-89 ■ 

1889-90 



Bales. 



4,553 
3,815 
4,700 
5,792 
8,430 
10, 470 



Year. 



1890-91 
1891-92 
1892-93 
1893-94 
1894-95 



Bales. 



23,790 
27, 739 
42, 475 
33,606 
59, 418 



COTTON IN BRAZIL. 2 

The consensus of the early historians of Brazil is that cotton is 
indigenous to that country, and that while the natives probably did not 



' Sec^ also article ou culture of cotton. 

2 The principal authority upon which this account rests is Branner, Cotton in the 
Empire of Brazil, U. S. Dept. Agr., Special Report No. 8, 1885. 

1993— No. 33 4 
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plant it they made use of the fruit of the wild plant to supply their 
few and simple needs for clothing and other textile products. 

Beauchamp, ^ treating of the period immediately following the dis- 
covery (1500 to 1521), refers to cotton cords used by the Indians of 
Brazil upoii their bows and for other purposes. Visconde de Porto 
Seguro,^ in describing the customs and utensils of the ancient inhabit 
ants of the Upper Amazon Valley, says : ^^ They made use of blowguns, 
the arrows of which were wrapped with cotton." Auguste de Saint 
Hilaire, ^ one of the most trustworthy authorities and careful observers 
who have traveled in Brazil, says that the earliest travelers found cot- 
ton in use among Indians along the Brazilian coast; that they used it 
for making cords, hammocks, and even clothing, giving as one author- 
ity for this statement Hans Stade, who was held in captivity in south- 
eastern Brazil from 1547 to 1555. Abundant evidence of the fact that 
cotton was used by the Indians at the time of the discovery of the 
country is furnished by the oldest documents upon Brazil referring to 
that event, and by the letters of the Jesuit missionaries who immedi- 
ately undertook to Christianize the Indians. Also the existence among 
the aborigines of words signifying cotton points to their knowledge of 
cotton, and very probably to some of its uses. Nearly all of these 
words appear to be the same, or at least have the same origin. The 
slight differences that exist are probably caused by the differences in 
the dialects spoken by the various tribes of the Indians, or may be 
attributable to the differences among the observers and the different 
nationalities of the observers. One remarkable thing about these terms 
is that none of them bear any resemblance to the European words 
for cotton. 

Gabriel Soares de Souza, who lived in what is now the province of 
Bahia from 1570 to 1587, describes in detail some of the Indians then 
inhabiting that part of Brazil. *' It is customary for the men," he says,* 
"to wear their hair so long that it reaches their waist, and sometimes 
they have it braided and intertwined with strips of cotton, so that it 
looks like a broad braid. The women are close shaven and wear about 
themselves aprons made of cotton thread, with a long fringe." 

Claude d'Abbeville, a Capuchin missionary in Maranhao from 1612 to 
1614, also reports the natives of that country as using cotton ham- 
mocks. In another place he says:^ 

They gather, clean, beat, and spin cotton with much dexterity, and with it make 
open hammocks resembling nets, and others as well woven and full of figures as if 
they were the work of better weavers ; also aprons in which they carry their chil- 
dren about their necks. 



' Histoire du Brdsil, Vol. I, pp. 93, 96. 

=^Historia Geral du Brazil, Vol. I, p. 30. 

3 Voyage dans le District des Diamans, pp. 253, 254. 

"•Revista do Instituto Historico do Brazil, p. 352. 

^liistoria do Maranhao, p. 356. 
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Id 1570 to 1587 De Souza wrote of the cotton plant io Bahia: "These 
cotton plants are cleaned with the hoe two or three times during the 
year to keep the weeds from chokiDg thoiu." 

Notwithstanding the general cultivation of cotton throughout Brazil, 
there is no record of its having been exported to any great extent, and 
but little evidence of its being exported at all, until the middle of the 
seventeenth century. 

Marques' says that after the formation of the commercial company of 
Maranhao and Gram-Para the first exportation of cotton took place in 
1760, which consisted of 651 arrobas, or 20,834 pounds. Camara says, 
in a memorial upon the cultivation of cotton publislied in 1749 in Lis- 
bon, that cotton was first sent from Pemambuco to Portugal in 1778, 
and that np to 1781 the quantity shipped was very small. 

J, B. Lymau^ says that the export of cotton from Brazil to England 
began in 1781. 

A commission ^ appointed by the Government in 185ii to revise the 
tariff made the following report regarding the early exportation of 
cotton : 

In some parts <if Brazil in remote ttmea there was no exportation of cotton — the 
cnltivation waa limited to what was nec'tsaary for use in that country. It was from 
Parahyba that it vias first exported, wlicnce it w»s sent to Purtugiil. Pemambuco 
was given up for a long time to the production of sugar, and it waa only in 1778 that 
it exported this article for the lirat time. Its exportation, however, was very small 
until 1781. 

Some side light is thrown on this subject in the story of the ship- 
wreck of Jorge de Albuquerque Coelho.' His vessel left Pernambuoo 
on the IGtli of May, 1565. On accouut of the condition of the vessel, 
they put back to port, and left again on the U'Jth of June, 1505. Their 
passage was a stormy one, and the sea became so rough at one time that 
they were obliged to throw over part of their cargo. The following is 
an extract from their report: "And seeing that all this was of no avail, 
and the winds grew higher, as if they wished to overwhelm us, we threw 
overboard theartillery, many boxes of sugar, and many bales of cotton." 
Now, this vessel was loaded in the province of Pemambuco, and the 
many boxes of sugar and bales of cotton must have been gi'own by 
the Portuguese wiLhin this province. 

By the end of the seventeenth century the cultivation of cotton had 
become general throughout almost the whole of Brazil, and consid- 
erable quantities were being exported to Europe. During the eight- 
eenth century the more general use of gold as a circulating medium, 
the removal of prohibitory laws, and the increased demand for raw 

'Marques, Diotionnty cjf the Province o( Maranhao, p. 13. 

'3. B. Lyman, Cotton Cnltnre, p. 153. 

"Eelatorioda Coinmisafio da Reviario da Tarifa ao Govorno, Imperial, 1853. 

'Beviata do InHtitnto Historico do Brazil, p. 279 ot aeq. 
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material in Earope led to what was for those times an extensive culti- 
vation and exx)ortation. 

The only statistics to be obtained np to the end of the eighteenth 
century are those of the jirovince of Maranhao. From these we find 
that in 1800 5,529,408 pounds were exported, but this port stood only 
second among the cottou-ex^iorting iwrts. Pernambucio probably ex- 
X)orted twice as much, while Bahia, Kio de Janeiro, and Para together 
exported as much as Maranhao. Visconde de Porto Seguro says that 
70,000 bags of cotton, 105 x)ounds to the bag, were exi)orted, of which 
40,000 were from Pernambuco, 1(),000 from Maranhiio, 10,000 from Bahia, 
and 4,000 from Para and Bio; and in another i)lace he says that Ceara 
exported 40,000 sacks. 

Upon the arrival of representatives of the royal family of Portugal 
(April, 1808) Brazil ceased to be a mere colony, and a new imi>etus was 
given to this as well as to the other industries. Ports were made free 
to friendly foreign i)Ower8, and the decree prohibiting the use of looms 
for other than the coarsest kinds of cotton was revoked. Cotton had 
now become a regular and constantly increasing article of exportation, 
being in sucli demand and commanding such prices that it was brought 
from great distances inland on the backs of mules and horses and over 
almost impassable roads. 

Such was the condition of tlie (cotton industry in Brazil at the time 
the United States entered the market as a cotton producer, and the 
eftcct of her rivalry in one of the most important branches of agri- 
culture was very disastrous to cotton production in Brazil. 

The territory of Brazil capable of yielding cotton is coextensive with 
the Empire itself. Cotton grows in almost every one of the provinces, 
and in regard to the others there exists little doubt of its adaptability 
to this plant. 

Various authors mention cotton as grown on the Tapajos and the 
Madeira rivers. From Sao Paulo all along the coast to the Amazon, 
and for that matter throughout the whole Empire, cotton may be grown 
in almost unlimited quantities. In reality, however, its cultivation to 
a considerable extent is limited to the drier regions of the north, along 
the valley of the River Sao Francisco, and in some parts of the prov- 
ince of Minas Geraes. In the north — tbat is, to the north of Sergipe — 
a belt about 50 miles wide along the coast is for the most i)art devoted 
to sugar. Immediately beyond this is the region in which cotton is 
actually grown. The width of this cotton belt is restricted by inade- 
quate transportation facilities. Transportation is principally on the 
backs of horses, and the railways are as yet too few to influence the 
amount of cotton produced. 

As a rule, it may be said that the cotton belt in the north begins at 
the edge of the sugar belt, 50 miles inland, and extends about 200 
miles inland, more or less, to the south; as it api)roaches the province 
of Bahia it extends inland, and keeps mainly within the region drained 
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by the Bio Sao Francisco. In the more southern provinces, from Espi- 
I'ito Santo and Bio de Janeiro, tbe amount of cotton produced at pres- 
ent for exportation is insi^ificant. Formerly, especially daring the 
prevalence of the high prices canaetl by the invil war in the United 
Stiites, cotton was grown in some of these southern provinces for 
exportation, especially Eio de Janeiro and Sao Paulo. 

The island of Fernando de Norouha i» an exception to the statement 
that the cotton is all grown inland. I>uring the civil war in the 
United States and for some time afterwards the finest cotton sent from 
any jiart of Brazil was growu on this island, atid waa comparable with 
the Sea Ipland cott«n, possibly fully its equal. Bnt tl]ougli eflbrts are 
being made to renew the cotton culture on the island, which went into 
decline in 1S70 or thereabouts, the success has not been very great. 
The soil is remarkably fertile and the island is one of the beat culti- 
vated pieces of soil in Brazil. 

It must not be supposed that only native species are grown, or, indeed, 
that any of the kinds commonly cultivated are native, though it is pos- 
sible that one of the species supposed by some authors to be exotic is 
indigenous to South America. Planters seem to know of but three 
kinds, and even in these the diftferences are not always persisteut. As 
a rule, the varieties are larger than ordinary cotton, and some of them 
are perennial. 

None of these varieties of cotton produce more than one crop per 
annum, many assertions to the contrary notwithstanding. The even 
temperature throughout the year and the favorable weather lengthen 
out the picking time to several weeks and even months, and it is possi- 
ble that those who state that there are two or more crops in a year mis- 
take the various pickings for successive crops. 

Sea Island cotton has been introduced in Brazil, but without success. 
The compliiint that Brazilian cotton is dirty is not due to any quahty 
of the cottou, but, like the Indian cotton, to the manner in which it is 
picke<^l, cleaned, and handled. 

In the Itoteiro do Brazil a writer puts in a few words the process 
of cultivation in use in Bahia in its early history, and probably in all 
Brazil, as follows: 

These cottun trvva last seven ajiil night jean and mote if the ends of the large 
brani^hen are tirukea u<F (for tbefdiy up), in order that they put forth other new luid 
more vi;i;otoiiB ones. These cotton planta are cleared with tbe hoa two or three times 
a .vcnr to keep the graaa from crowdlu); tbem. 

In the preparation of the soil "all the planter has to do is to burn off 
the woods and plant his seed at the proper season." This is the whole 
story. There is no upi-ooting of stumps, no picking out of sprouts, no 
breaking up with a plow, no preparation of soil, no laying out of furrow, 
no cultivation other than the occasional chopping out with the hoe 
of weeds or sprouts. Therefore it is evident that the cultivation of 
cotton is almost without labor; in fact, Auguste de Saiut-Hilaire says: 
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"Uotbiug in this country is less expensive or more productive than 
cotton culture." 

In some sections the saw gin is used, though it has been found by- 
experience to injure greatly tbe fiber of the Brazilian staple, and the 
common hand roller gin is more frecjuently used. In connection with 
the gins there are rude presses, wliere the cotton is made into bales of 
about 385 pounds. A hand screw is the power used in this baling 
machine. Generally the seed are not turned to account. lu a few 
instances, near the seaport, they have been shipped to England, or 
where steam engines are used for baling or ginning they are some- 
times used as fuel. The greater part, however, is left to rot upon the 
ground or to be eaten by the cattle in the neighborhood. Only occa- 
sionally are they used as manure. 

The home consumption of cotton is very large and is increasing. 
This is because of the difficulty of getting the raw material to market 
from remote points, the evenness of the temperature, which does not 
require warm clothing, and the high tariff upon foreign manufactured 
goods. Much of this manufacturing is done in the homes of planters, 
there being comparatively few manufacturing establishments in the 
country. 

These establishments arc mostly in the provinces of Rio de Janeiro, 
Minas (Jeraes, Sao Paulo, and Hahia, where the demands for ordinary 
grades of coarse cotton cloth are greatest, but they by no means have 
done away with domestic consumption of the raw material. There is no 
more familiar sight to the traveler in the interior of Brazil than that of 
spinning with the ancient distaff and spindle. Brazil undoubtedly 
weaves many thousand pounds of her cotton annually in that way. 

The amount of cotton produced in Brazil in 1859-60 was 70,000 
bales; in 1893-94, 300,000 bales. The amount manufactured in 1859-60 
was 10,000 bales; in 1893-94, 100,000 bales. 

Brazil exports about 150,000 bales of 400 pounds each to Europe, 
most of which goes directly to England; and should there be a demand 
sufiQcient to justify the planters to increase their acreage, the crop 
could be increased many fold — in fact, there is sufficient good and 
available land to produce 40,000,000 bales, at a yield of only 100 pounds 
of lint per acre. As population increases and railroads are extended 
the cotton crop of Brazil may be expected to increase commensurately. 

COTTON IN RUSSIA. 

The Russian cotton-raising district lies in her Asiatic territory, in 
Turkestan and Transcaucasia. Russian Turkestan is bounded on the 
west by the Caspian Sea, Ural River and Mountains, on the east by 
the Pamir Plateau, Tian-Shan and Altai ranges, on the north by the 
Kirghiz steppes, and on the south by Afghanistan and Persia. West- 
ern Turkestan is commonly supposed to consist of vast low-lying sandy 
plains, but nothing could be more opposed to the actual conditions, for 
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tlie relief of the laud here iireseiita greater contrasts thau are else- 
where tbuud on the surface of the globe, 

The lowlandu borderiag the Caspian Sea are sometimeE as much as 
Hit feet below the sea level, whde the highlands of the Tiaii-Shaii peaks 
rise 25,000 feet above the sea. The AraloCaspian basin is wat-ered by 
the rivers Amu-Daria, Zerafshan, Murghab, and Syr-Daria. 

The low-lying and level parts of Turkestan are covered with marine 
aud laenstriue deposits of geological epochs preceding the in'csent 
one. Here are found conglomerates, sands, aud porous or loose soils. 
These recent deposits are well adapted for cotton growing. 

In this district cotton has been cnltivated from most ancient times. 
In all probability this culture began at the time when the Asiatic cot- 
ton plant {Gonsypiitm herbmieum) began to develop on tlie borders of 
the Oxus (Amu-Daria) aud Seikhoun (Syr-Daria), to which it had been 
brought from southern Asia. After the plant became acclimated in 
that northern latitude several new varieties were produced, aud its cul- 
tivation contributed much to the welfare of the iuhabttants, who pro- 
duced sufScient for their own use and exported some to neighboring 
countries. During this time there were no jjlanters who devoted them- 
selves entirely to the cultivation of cotton. It was grown on lauds 
unoccupied by such prime uecessities of life as wheat, rice, barley, and 
other staples. 

Such was the state of eottou growing in Turkestan belbre the Rus- 
sians entered that territory. The quantity produced duetuated accord- 
ing to the prices and demands from other rouutries, Kussia being the 
largest customer. Cotton cultivation attained its greatest development 
soon after 1860, when the Uussian cotton triide, together with that of 
other Euro{)ean nations, was undergoing a severe crisis in consequence 
of the great decrease of fiber from the United States, Tlie prices 
being very high at that time, its production Increased in the Bokhara, 
Khiva, and Khanstvo districts, and also in the Transcaucasian dis- 
tricts, to such degree that the crisis passed more or less fortunately. 
After tlie Russians had thoroughly conquered Turkestan the quantity 
of cotton grown in that province decreased very rapidly, chiefly on 
accountof the decline in prices. Russia, however, soon fouud the value 
of this product to her textile industries and began to devote a great 
deal of attention to the development of the plant. As it was of great 
importance, not only to the province itself, but also to Russia, which had 
been obliged to buy all raw cotton frona the United States aud Egypt, 
the Government gave the culture every encouragement. 

As in all other cotton -raising countri&t, an effort was made to intro- 
duce the American cotton into Turkestan, bnt idl attempts to cul- 
tivate the imported seed were for ten years very unsuccessful, mainly 
because Sea Island was most frequently planted and the dry weather 
of Turkestan was unsuitable to this variety. In ISIiW it was discovered 
that upland cotton could be successfully grown there, anil energetic 



[ 56 THE COTTON PLANT. 



^^^H meafiuroa were taken for its introdnctiou and cultivation. The Crovem- 
^^^H meut established a cotton plautation at TaNhkeiid, maiuiLilH for the 
^^^B . cultivation of the American upland (»>tt.on were published in the Bns- 
^^^B sian and local languages, Reeds were distributed free of cost to those 
^^^H who desired them, aod the sale of the cotton fiber raised from the 
^^^ imported American seed was guaranteed. 

r Methods of ginning and cleaning the cotton were also improved, gins 

' beiug ordered from the United States, with tiie result that cotton fiber 

^^^_ of the American variety grown in Turkestan had a great influence on 
^^^b the Russian market and its price was muclt better than that of Asiatic 
^^^H varieties. The construction of the Transcaspiau railway also had an 
^^H^ important bearing on the increase of cotton growing in this country, 
r and the area under crop increased from 810 acres in 1884 to 120,150 

acres in 18S9. In 18110 there were 245,000 acres planted in coljon in 
Turkestan, from which more than 4.'j,600,000 pounds of clean fiber were 
collected, an average yield of ISO pounds per acre. 
[ Of the three districts — Syr-Daria, Fergana, and Samarkand — in which 

^^^ most of this cotton is raised, Fergana is much the largest producer. 
^^L "While the production of cotton in Turkestan will in all probability 
^^H increase still fitrther, it must be borne in mind that the increaiKe is 
^^H limited by the extent of the artificially irrigated lands suited to cotton 
» growing; yet within this limit, by the rational employment of the water 

supplies, especially those of the Syr-Daria, and the construction of 
new inigation systems, the quality of the croi) may be improved and 
the quantity largely increased. 
I The methods of cultivation of the cotton plamt in this region are 

I exceedingly varied and have not been definitely fixed. The more intelli- 

gent growers are still experimenting and seeliing new methods. Difter- 
ent systems of plowing and preparation of the soil, of sowing and 
irrigating, are being adopted in the hope of thus obtaining bettei' results. 
Yet, on the whole, the methods of cultivation have changed compara- 
tively little and are being very slowly iierfectod. The preparation of 
the fields with improved implements, the manuring of the soil, and the 
I careful selection of seed are only found on the few Bussian growers' 

plantations around Taslikend, and stiU more rarely in the territories of 
Tergana and Samarkand. " The local planter breaks up the soil with 
tlie aid of a primitive wooden plow known as the 'sokha' (a turn plow 
' is unknown), harrows the field with a single board, covers the seed by 

hand, applies manure only in exceptional cases, and pays no attention 
to the choice of seed, which he sows broadcast" — in fact, makes nse of 
the methods inherited from past generations of ignorant cotton raisers — 
yet, thanks to the exceedingly favorable conditions of soil and climate, 
generally harvests a good crop. 

Most of the plantations are small, those of over 270 acres being 
exceptions. These belong to Russian planters and trading iirms. The 
large m^ority of the holdings consist of plats of from 1 to 15 acres and 
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are cultivated by tbe natives, yet tbese umall cultivators sup]tly at least 
90 per cent of the total productioii. 

The average crop of aplaiid cotton iu the Syr-Daria territory can be 
taken as 25 pounds of pure fiber per acre, while tliat of the local variety 
is about 180 iHJunds In the Tergana vnd Samarkand territories the 
average yields from the aamc area are 250 ponnds of upland and 190 
pounds of local. Of courie, m some cases, particularly when the 
autumn is warm and fiee from Irost, considerably heavier crops are 
seemed. There are instances of yieldt of 450 ponnds of pare upland 
and 360 pounds native cotton per acre. 

Almost all the native cotton is still cleaned by wooden miuihines 
woikecl by hand power, which while not rapid are very cheap. Nearly 
all the upland cotton is sent tu special cleaning mills, where improved 
gins, generally worked by water power, though sometimes by animal 
power and leas frequently by steam, are to be found. These gins are 
mainly in the towns which serve as centars of the cotton-growing dis- 
tricts, but a few are to be found in the larger settlements aromid which 
are extensive plantations. 

In 1893 there were about 100 mills in all Turkestan, in whiqh more 
than 400 gins and 120 presses were at work. Moat of these gins were 
imported from the lTnit«d States, bnt there were also Russian-made 
gins. 

The seed is used for planting, for the production of oil, and for fuel. 
The cake left over &om the oil press is utilized as cattle food. The lint 
is pressed Into bales of from 250 to 325 pounds, which aie then dis 
patched to Samarkand, the terminus of the Tianscaspian railway, upon 
the backs of camels or in a rude cart known ast.h6"arba," The camel 
load is 2 bales, or 500 [lounds, and an arba load 6 bales, or 1,500 
pounds. The almost impassable condition of some of the roads makes 
the transportation of cotton very slow, and a periodical delivery at the 
railroad station is not yet to be thought of, but when new lines of rail- 
way which have been projected into the cotton-growing districts are 
finished, especially that from Samarkand to Kokantl, penetrating the 
Fergana territory, transportation will be improved and the cost of 
delivery to the railway, and consequently to European Knssia, will be 
cheapened, thus increasing the demand and inducing larger plantings. 

Cotton for European Kussia is shipped from other countries of cen- 
tral Asia, namely, Bokhara, Khiva, and the Transcaspian territory. 
Bokhara produces about 54,000,000 pounds of cotton, mostly of the 
Asiatic variety. This cotton is shipped by the Transcaspian line of raU- 
way. Khiva produces about 21,000,000 pounds, almost exclusively a 
native variety, bnt considerably superior in its quality to the other 
Asiatic growths. The larger portion of this cotton enters Russia through 
Orenburg by camel caravans; the rest is disjiatched by boats by the 
way of the Ainu-Daria to a station of that name on the Transcaspian 
railway, and thence by rail. 
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The Transcaspian territory produces but 360,000 x)ounds of cotton, 
mainly the upland variety, and most of that in tbe neighborhood of 
Merv. Thus all the central Asiatic countries together produce 
144,000,000 pounds of cotton, more than three- fourths of which is sent to 
European Russia. 

Another considerable district of cotton culture in the Russian Domin- 
ion is Transcaucasia, where upland cotton has made little progress in 
displacing the variety cultivated by the natives from very early times. 
There are about 100,000 acres devoted to cotton in Transcaucasia, the 
greater part of which is in the Erivan government. The total produc- 
tion in 1891 was <about 22,000,000 ])ounds, the average crop being 230 
pounds per acre of upland, the local plant not yielding quite so much. 
The methods of cultivation are being perfected and the quantity of 
cotton produced is increasing. 

It may be said in general that the raising of American cotton has been 
making considerable progress in Kussia and Turkestan. In the year 
1892 l,OtSO acres were planted with American cotton in the district of 
Dshisak, Province of Samarkand, ])roducing a crop of 783,000 pounds of 
raw cotton, from which 234,000 x><)unds of clean cotton was obtained — 
that is, 216 pounds per acre on the average. Reports of a later date are 
not available. 

Experiments on methods of culture and test of varieties are still 
being carried on in this region under the supervision of the Russian 
Government. The American upland variety known as Ozier Silk is 
generally grown. Sea Island (jotton will not mature in this region 
which is near the northern limit of successful cotton culture, but it 
has been found that with upland varieties the season is shorter and 
harvesting is usually finished by the time that it begins in the southern 
United States. The quality of the fiber is apparently fully equal to 
that of the American product from the same varieties. These results 
are not surprising for it is a well-known fact that "nowhere are plants 
cultivated so advantageously, whether from the point of view of quality 
and quantity or that of cheapness of production, as at the northern 
limits of their sphere of cultivation." 

In the whole Province of Samarkand there are 8 cotton gins; there 
were in 1890 5,764 acres planted with American cotton and 15,762 acres 
with domestic cotton; in 1892 the proportion was reversed, there being 
12,204 acres devoted to American cotton and 3,510 acres to domestic 
cotton. 

In the Province of Khojend American cotton is rapidly taking the 
lead, and the cotton acreage is also increasing; in 1892 there were pro- 
duced 3,780,000 pounds, which equaled 244 pounds of cleaned cotton 
to the acre on a general average. 

A steady progress of cotton culture would appear from the statement 
that the quantities of cotton carried by the Transcaspian railroad to 
the Russian market have increased from 31,428,000 pounds in 1888 
to 129,168,000 pounds in 1893, and that of the whole bulk of cotton 
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shipped in 1894 72,000,000 pounds was American cotton, while in 188i 
there were only 250,000 ponuda of that variety raisetl. 

It is said that the plant deteriorates in Turkestan and can only be 
kept up to its high standard by frequent renewal of American seed. 

Notwithstanding the large production of cotton in this portion of 
the Russian Empire and the fairly lapirt developiueut and increase 
of the crop, the time Is probably still far distant when Rnssian cotton 
mills will manufacture exchisively Russian -raised cotton. The supply 
of cotton from central Asia in the Kuasiau markets, though largely 
increased of late, is still far from being sufBcient ta satisfy the con- 
tinually increivsing demand, and the quantity of cotton imported is 
diminishing but slowly. The amount of cotton brought into Russia 
from abroad in 1891 was 351,939,412 pounds, the average for the ten 
years preceding being 290,000,000 pounds. The greatest quantity of 
cotton used in Russia comes via the European frontier from the United 
States, Great Britain, Germany, and Egypt. Great Britain and Ger- 
many send American, Brazilian, Indian, and ]>erhaps also Egyptian 
cotton; In 1891 Russia imported from the United States 136,749,492 
pounds, from Great Britain 33,597,820 pounds, from Egypt 64,749,492 
pounds, and from Germany 24,347,736 pounds, and used about 108,- 
000,000 pounds (nearly one-third of the total consumption) of the prod- 
uct of her Astatic dominions. The entire consumption of cotton in 
European Russia appears to have been 500,000,000 x>ouiids in 1892 and 
about 70,000,000 less in 1893. It is possible that the construfition of 
railroads into tlie cotton-growing regions and improvements in methods 
of culture will ultimately result iu a balance between Rnssian exports 
and imports of cotton. 

This view appears to have some conflrmation from the figures of the 
cotton trade of the United States with Russia. During the four years 
1881- 1884 the United States exported aunnallyau average of 124,117,441 
pounds of cotton to Russia. In the period I8fi5-1888 the average 
was 86,014,804 pounds, and it fell to 75,889,614 pounds in the period 
of 1889-1892. The decline was from 134,000,000 pounds in 1881 to 
67,000,000 pounds in 1892, a fall of 50 per cent. Time, while there is 
probably no immediate prospect of Russia i>roducing all the cotton she 
needs, our own declining trade gives some warrant for apprehension 
that in the future our cotton planters will meet a competition from this 
source. 

COTTON IN JiPAN. 

Cotton {lint, wata-; plant, ka-wata) is cultivated to a considerable 
extent in Japan, where it was introduced from India many years prior 
to its introduction into China. It has ordinarily been said that the 
introduction of cotton was from China in the sixteenth century, while 
in fact the cotton plant was cultivated to a limited extent in Japan 
several hundred years previous to that date. Fesca' says that cotton 

' JapaaiBcliDu LaDdwirthschoft, 1893, Pt. II, p. 485. 
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waH first accidentally introdaced into Japan in the year 781 A. D. fix)m 
India, and that its cultore soon ceased ; that again, several centuries 
later — probably 1592 — ^it was introduced by the Portuguese, though this 
is not positively authenticate<l. However, it was in the seventeenth 
century, during the reign of Tokugawa, that the spread of cotton cul- 
ture in Japan began, which has continued until the present time. 

According to a paper by Poate read before the Asiatic Society of 
Japan in 1870, one of the old and sacred books of Japan, csilled Wajishi, 
contains an account of the introduction of cotton into that country 
which supports the above statement. 

The cleaning of the cotton is largely done with the scutch, or bow, 
and the roller gin, or churcka, is in common use. The lint is ordinarily 
packed in lOOpound bales. 

The quality of the Japanese cotton — at least that produced in the 
best cotton distric^ts — is good, though the staple is consicterably shorter 
than the ordinary tree or shrub cotton. The fttai)le is seldom more than 
1.8 centimeters in length. The best cotton is also elastic and glossy, but 
the gloss appears to be more a result of climate and locality than of 
variety, a damp climate being unfavorable to the production of glossy 
fiber.. The cotton of the dami) San-indo region has little gloss, while 
that of the neighboring province, especially that of the Osaka Fu and 
Wakayama Ken, possesses a very good gloss. The last named lint is 
considered the best. It is of medium length, soft, very elastic, and 
glossy as silk. The strength of the lint in the province of Suo is well 
known. That produced in the San iudo district is mostly short staple, 
hard, and without gloss, probably on account of the low temperature 
and humidity of the climate. In the i)rovinces of Kuantoebene and 
Hitachi, and on the north edge of the (jotton region, there is produced 
a long and fine staple cotton which is quite elastic and strong. The 
relation of lint to seed is very favoral>le. Generally it stands 60 per 
cent seed and 40 per cent lint. The cotton of Kuantoebene is an excep- 
tion to this, being only between 20 and 30 per cent lintJ 

Statistics of the total product of the Empire are to be had for the 
years 1878-1884, 1887, 1891 in unginned cotton and are as follows: 

Total production of unginned cotton in JapanJ^ 



Tear. 



1878 
1879 
1880 
1881 
1882 



Ponnda. 



118, 958, 541 
207, 888, 208 
118, 685, .'W3 
120, 678, 880 
115,162,850 



Year. 



1883 
1884 
1887 
1801 



Ponnda. 



139,510,675 
127, 493, 691 
186, 571, 583 
109, 839, 383 



The acreage under cotton, while not in itself large, is in fact much 
larger than that devoted to any other textile fabric, and in 1887 was 2 



'* Japanischen Landwirthschaft, 1893, Ft. II, pp. 474, 475. 

' The present production of ginned cotton is given as about 75,000 bales (of 400 
pounds) by Shepperson. 
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Ijer cent of the entire cultivated area. In west Japan, which produced 
large quautities of cottou, the cotton flekls occupy 4.8 per cent of the 
entire arable land, against 2.77 per cent in middle Japau, 1.45 per cent 
in Bill koku, 0.45 per cent in Kiushin, and 0.,'!4 per cent in north Japan. 
West Japan furnishes nearly hatf of the total production, 4!t,48 per 
cent; middle Jn.pan, 40.1(7 per cent, although the cotton area of west 
Japnn is only 80 per cent of that of middle Japan. 

During 18',>1 the amount of cottou raised waa 309,000,0IM) pomide, and 
in 1893 Japan imported 100,(MIO,000 ponnda of raw cottou, of which not 
more than one-tenth came from the United States, two-fifths from China, 
and one half from all the other conntries; and herexi>ortsamoiinted to 
325,000 jiounds of raw cotton, of which 300,000 pounds went to Korea, 
leaving for home consumption somewhat over 208,000,000 pounds. 
During the years 1801 and 1892 the average value of Japanese coins 
varied eo much that though the total value of trade for 1802 exceeded 
that of the previous year by 19,974,000 yens, yet when reduced to United 
States money at the rate of exchange for that year the increase was 
only $701,000, making it difficult to satisfactorily compare amounts 
with previous years. The most important thing concerning the foreign 
trade of Japan is the increasing facilities of the country for manufac- 
tnring her own supply. Especially is this noticeable in relation to cot- 
ton goods. New spinning mills are being established from time to time, 
and large profits art) made from those already at work. The consump- 
tion of cottou goods is increasiug each year, and home iactories are 
supplying a larger and larger percentage of the entire amount con- 
sumed. In 1892 Japan imported $9,250,000 worth of textile fabrics, of 
which the larger i)ortion was jirobahly cotton, besides *8,750,000 worth 
of raw cotton and >S5,000,000 worth of cotton threads and yarns. 

COTTON IN CHINA AND KOBBA. 



The Chinese began to make extensive use of cotton fiber about 1300 
A. D., and since that date the growth and manufacture of cottou has 
reachedimmeuse proportions in theCelestial Empire; but statistics of the 
cottou crop in that country are not attainable, theclosest estimate being 
1,600,000 bales of 400 pounds each as a product of China and its former 
dependency Korea at the jireseut time. The gieat cotton region of 
China lies along and on both sides of the river Yaug-tze-Kiang, where 
the soil is very fertile, perha|»H surpassing any other district of China. 

The method nf cultivation is very primitive. In some cases the 
giound is plowed in Marcli, or as soon as the frost is out of the ground, 
and the seed is sown broadcast. Under this system of cultivation the 
plants grow very thickly, almost as close as cereals ; they are spindling 
and short and the ImjIIs are small. The yield per acre varies from 50 
jiounds to 1,000 pounds of nnginned cottou. The method of cultiva- 
tion varies, however, in different paita of China, for in other cases after 
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plowing the seed is plauted in hills on ridges and cultivated with the 
hoe. 

About five months after planting picking commences, this being the 
work of women and children ; after the crop is gathered the stalks are 
pulled up and preserved for fuel. 

There are no large cotton plantations in China, most of the cotton 
being raised on patches varying in size from a few s(|uare yards to one 
or two Jicres. The old Hindoo churcka is generally used for ginning, 
the scutch or bow for cleaning, and the spindle and handloom for manu- 
facturing, but cotton factories are being established in some localities. 
The (juantity consumed can not be determined from any statistics kei)t 
at the open ])orts. The farmers do not usually sell their cotton, but it 
is spun and woven by the women, and any surplus cloth is sold in the 
neighborhood. They make use of the seed for the extraction of oil, and 
use the oil for illuminating puri)oses. China exports some cotton to 
Japan, but the imports of yarn and cloth from Japan, India, and Eng- 
land are far in excess of the exportation of raw cotton. 

KORKA. 

Though the. books of the treasury of Korea show only 190,000 acres 
devoted to cotton culture, it is probable that owing to the system of 
taxation the estimate is not more than one-fourth of what it should be, 
and that the total acreage is about 800,000 acres. On this is produced 
annually about 800,000,000 pounds of unginned cotton. It is cleaned 
by hand machines and yields about 200,000,000 pounds of lint, or about 
250 i)ounds per acre. Most of this is consumed at home, giving about 13 J 
pounds for each person. It is grown chiefly in the provinces of Iluang- 
Ilai, Chel-La, and Kyeng-Sang, and to some extent in Chung-Cheng and 
Kyeng-Kwi. Because of lack of information on Korean afifairs, it is 
quite impossible to say how much of the land is suitable for cotton, 
but it may be said that the area under culture is practically dependent 
upon the price of the fiber. Probably one-half of the tillable land 
might be so cultivated, although only a small iwrtion is now used. 

Cotton was brought to Korea about 500 years ago from China. The 
soil and climate have improve<l the original x)lant, giving it a longer 
staple and finer fiber. It is the perennial variety, but it is found more 
profitable to uproot it and replant each year. The stalk is used for fuel 
and its ashes for manure. Chinese usages are closely followed. Korean 
cotton fiber is considerably better than that of China or Japan in dura- 
bility and warmth-retaining qualities. Cloth is all made in Drivate 
families and for private use, but no statistics can be obtained. 

COTTON IN OTHER COUNTRIES. 

At least nine-tenths of the world's supply of cotton is produced by 
the cx)untries already referred to, but there are several other countries 
which either already produce small quantities of cotton or might enter 
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tlie list oi' cotton-prodnciug ooautries, They have climate aud soil 
suitable to the growth of tliis plaut, but are ]>reveuted at present from 
entering this industry upou any extended scale either because of scanty 
population, difBculty of transportation, or greater profit gained from 
the cnltivation of other crops. The total amount produced by these 
countries as a whole in 1803 is estimated at about 130,000 bales. 



Of these, Mexico, by reason of its proximity to the United States, is 
probably for us the most important. It has been estimated by Kuiz 
that the annual production of cotton in Mexico prior to the conquest 
by Cortez was abuut 110,000,000 pounds, but under the rule of the 
Spaniards the cultivation declined imtil it was entirely abandoned in 
many sections of the country. Some new impulse was felt about ISfiO, 
at which time every country that could produce cotton was called upon 
to attempt to make good the decrease of receipts by European countries 
from the United States. Since 1882 a larger interest has developed 
in Mexico in the culture of cotton, so that every State suitable for its 
culture has more or less area devoted to the plant. Kuiz, in his report 
on " Cotton in Mexico," estimated that in 1892 the output equaled 
25,000,000 pounds of ginned cotton. 

The greater part of the Mexican crop is produced in the State of 
Coahnila, but there are three well-defined cotton sections in Mexico — 
one along the eastern coast, one iu the central plateau, aud the other 
on the west coast, of which the inland section is the largest producer. 
The crop there, however, is dependent upon the water available for 
irrigation. Biaconi' gives it as his opinion that if all the land suitable 
for the purpose were put under cultivation the Mexican Kepublic might 
easily become a rival of the United States in the production of cotton. 
As the conditions now are, Mexico is obliged to purchase cotton for its 
own needs from the United States. The best cotton is produced in the 
State of Guerrero in the neighborhood of Acai)ulco, aud the most 
inferior is produced in the State of Chiapas. In the zone along the 
Gulf of Mexico, 300 miles long by about 50 miles wide, cotton could be 
raised, but a lack of labor is a great drawback to this enterprise. 
Besides, coft'ee growing offers so much greater profit that few agricul- 
turists give serious thought to the growing of cotton. On the I'aciflc 
Slope the cultivation of cotton comprises the whole coast, where there is 
much land that exhibits great fertility ; on account of the cost of trans- 
portation and lack of railway facilities, however, the extension of cotton 
culture has been retarded. Although in the interior of the country 
there exists no continuous stretch of land especially favorable to the 
culture of cotton, there are, nevertheless, centers which aie capable of 
becoming large producers of the staple. The State of Coahnila is 
situated in this section, aud Laguna is the most important of the cotton- 
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growing districts of the State, as it produces at least one-half the cotton 
raised in Mexico. It is about 360 miles southwest from Eagle Pass, Tex., 
and is skirted by the Mexican International and Mexican Central rail- 
ways, being therefore provided with an outlet for its cotton crop. 

Cotton manufacturing — at least as the term is understood in these 
modern days — has received an impulse only within the last few years, 
but is extending itself so that there is hardly a State that has not an 
establishment for spinning and weaving cotton, and the»e factories not 
only consume the entire home i)roduct, but also from 50,000 to 70,000 
bales of cotton from the United States, the amount increasing as the 
shortage in the home-raised crop necessitates larger imports from 

abroad. 

PEKr. 

Cotton is indigenous to Peru, or at least it has grown there from 
prehistoric times.' The inhabitants at the time of the conquest by tlie 
Sx>anish troops were clothed in cotton, and mummies of very ancient 
date have been found wrapped in cloths or blankets wholly or in part 
composed of cotton, but, as was tbe case in Mexico, the culture of cot- 
ton was much neglected by the Spanish conquerors, whose eager search 
for precious metal led them to ignore the greater agricultural wealth of 
their colonies. Statistics as to the output of cotton in Peru are not 
available, nor are the exports of cotton to other countries to be had for 
dates earlier than 1862, when 341,243 pounds were exported to Liver- 
pool. In 1805 the exports had increased to 4,146,260 pounds. From 
1885 to 1892 the average export of cotton from Peru to Liverpool was 
about 6,000,000 pounds, to which must be added the amounts shipped 
to New York. The variety Gossypium barhadense peruinanunij with a 
rough, strong liber, is cultivated along the banks of rivers and lowlands 
irrigated by the overtlowing streams. It is perennial, and when con- 
ditions are favorable will bear two crops a year for many years, but the 
ordinary productive stage is about seven years. The rainy season ends 
about the middle of Ax)ril, and the first crop is gathered in February. 
The second crop is probably the largest of the series, with a gradual 
diminution with each successive crop until the yield is no longer remu- 
nerative. The chief use of tbis cotton, which is known as '^Eough 
Peruvian" in commerce, is for mixing with wool. It lessens the tend- 
ency of the goods in which it is used to shrink, makes them more dura- 
ble, and gives a better luster and finish; hence it is frequently used in 
the manufacture of underwear and hosiery. This peculiarity of the 
Peruvian cotton is probably the result of soil and climate, and its cul- 
tivation is therefore likely to be restricted to that country. It would 
be very difficult to find a section in the United States that would fur- 
nish a uniform and high heat during the ten months necessary for the 
development of the plant, or the other conditions which contribute to 
the successful cultivation of this cotton. 



Auxlliddor da ludustria Naoional^ 1878, p. 90. 
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The imports into the United States^ for each calendar year since 
1885 have been as follows : 

Imports of Peruvian cotton into the United States. 



Year. 



1885 
1886 
1887 
18i-8 
1889 
1890 



Bales. 


14 
843 
2,493 
4.279 
7, 650 
9,500 



Tear. 



1891 
1892 
1893 
1894 
1895 



Bales. 



10, 515 
13,000 
24,000 
19,000 
24,000 



AFRICA. 



Excluding Egypt, whicli has been treated in another place, the con- 
tinent of Africa produces a considerable amount of cotton on both the 
eastern and western coasts, as well as in the central part; in fact, the 
whole population is clothed in cotton, the greater part of which is 
home grown and manufactured. Cotton is indigenous to Senegambia, 
Liberia, the Congo States, and Soudan, and under proper cultivation 
these districts are capable of producing more cotton than is now raised 
in the United States, but such a condition of things is too remote a 
possibility to awaken any interest among cotton raisers or manufac- 
turers at the present time, and only mentioned to indicate a section 
where cotton might be abundantly and cheaply produced. 



EAST INDIES. 

Cotton is cultivated in all parts of Java, the estimated amount being 
about 6,500 bales of 400 pounds each, one-half of which is used in 
Java for stufi&ng mattresses, cushions, etc. Some cotton is also grown 
in the Siam Malay States and is manufactured by the very primitive 
homemade machines into a cloth very durable, but not as attractive 
as the cotton cloths of Europe, which are largely superseding the 
domestic product among the natives. There has been some exportation 
of cotton from the East Indies to the continent of Europe, but the 
amount is comparatively insignificant. 

WEST INDIES. 

The West Indies produced cotton long before it was cultivated in the 
cotton belt of the United States. For a while the total American sup- 
ply to Europe came from these islands. In 1801 25,000 bales were 
exported; in 1836, 20,000 bales; and since that date the crop exported 
has steadily decreased until scarcely a thousand bales are credited to 
these islands. This decrease is largely due to a greater profit coming 
from the cultivation of other crops, and there is no prospect as long as 
the present conditions exist for an increase of the cotton crop in the 
West Indies. 



1903— ]^o. 33- 



Cotton Facte, December, 1895. 
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THE LEVANT. 



Under this name the cotton raised in (rreece and Turkey and her 
provinces is known in tbe European market. The total amount is 
small, probably not more than 20,000 bales of 400 pounds each, 25 per 
cent of which is used in the countries where produced, the remaining 
75 j)er cent being shipped to England and the continent of Europe. It 
is safe to say that the acreage under cotton culture in this district is 
decreasing annually. Some of the staple is long, white, and equal to 
good American cotton. 



KOI'TH SKA ISLANDS. 



Many of the islands of the South Sea or Southern Pacific produce 
some cotton of a good staple, but their output, considered as individual 
islands or as a combined section, is inconsiderable, having no apprecia- 
ble effect upon the supply , in the markets of the workl. 

Australia has also produced some cotton, and some sections of the 
country are very well adapted to the growth of the plant. Attempts 
have been made to extend its culture, but without success, owing prob- 
ably to the sparse population and the comparatively small returns from 
the cultivation of the fiber. 



BOTANY OF COTTON, 

By Walteb H. Evass, Ph. D. 
Office of Ejrperimaii Slationi. 

The cotton plftnt belongs to tbe MalvEiceas, or tbe mallow ftmlly, and 
is known scientifically by the generic uameGoasyiihim, It is indigeuous 
principally to the islands and maritime regions of the tmjH'ca, but nnder 
cultivation its range baa been extended to 40° or more ou eitber side of 
the equator, or to the isothermal line of (>(P F. In this country lati- 
tude 37° north about represents the limit of eeonomie growth. Tbe 
generic description as compiled from various sources is as follows: 

Gossypium. — Herbaceous, shrubby or arborescent, perennial, but in 
cultivation herbaceous and annual or biennial, often hairy, with long, 
simple, or slightly branched hairs, or soft and tomeutose, (tr hirsute, 
or all the pubescence short and stellate, rarely smooth throughout; 
stem, branches, petiolew, i>eduiicles, leaves, involucre, corolla, ovary, 
style, capsule, and sometimes the cotyledons more or less covered with 
small black spots or glands. Boots taprooted, branching, long, and 
penetrating the soil deeply. Stem erect, terete, with dark-colored, ash- 
red, or red bark and white wood, branching or spreading widely. 
Branches terete or somewhat angled, erect or spreading, or in cultiva- 
tion sometimes very short. Leaves alternate, petioled, cordate or sub- 
cordate, 3 to 7 or rarely 9 lobed, occasionally some of the lower and upper 
ones entire, 3 to 7 veined. Veins branching and netted ; the mid vein and 
sometimes adjacent ones bear a gland one thu'd or less the distance from 
their bases, or glands may be wholly absent. Stipules in pairs, linear- 
lanceolate, acuminate, often caducous. Flowers pedunculate. Peduncles 
sabangular or angular, often thickened toward the ends, short or very 
shorty erect or spreading ; in fruit sometimes [>endulous, sometimes gland- 
ular, bearing a leafy involucre. Involucre 3-leaved, or in cultivation 
sometimes 4 ; bracteoles often large, cordate, erect, appressed or spread- 
ing at summit, sometimes coalescent at base or adnate to the calyx, den- 
tate or Inciuiate, sometimes entire or nearly so, rarely linear. Calyx 
short, cup-shaped, truncate, shortly 5 dentate, or more or less 5-parte<I. 
Corolla hypogynous. Petals 5, often coalescent at base and by their 
claws adnate to the lower part of stamen tube, obovate, more or less 
unequally transversely dilated at summit, convolute in bud. Staminal 
column dilated at base, arched, surrounding the ovary, naked below, 
above narrowed and bearing the anthers. Filaments numerous, filiform, 
simple or branched, conspicuous, exserted. Anthers kidney-shaped, 
1-celled, dehiscent by a semicircular oi)ening into two valves. Ovary 
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sessile, simple, 3 to 5 celled. Ovules few or many, in two series. Style 
clavate, 3 to 5 parted; divisions, sometimes erect, sometimes twisted 
and adhering together, channeled, bearing the stignms. Capsule more 
or less thickened, leathery, oval, ovate-acuminate, or subglobose, mucro- 
nate, loculicidally dehiscent by 3 to 5 valves. Seed numerous, subglo- 
bose, ovate or subovate, oblong or angular, densely covered with cotton 
or rarely glabrous. Fiber sometimes of two kinds, one short and closely 
adherent to the seed ; the other longer, more ot less silky, of single 
simple flattened cells more or less spirally twisted, mcu'e readily separa- 
ble from the seed. Albumen thin, membranous, or none. Cotyledons 
plicate, auriculate at base, enveloping the straight radicle. 

Embraced by this description as synonyms are Sturtia \i. Brown and 
XyUm Tournefort, both of which are antedated by the name (iossypiiim 
of Linnieus. 

On account of their great variability the species of this genus are 
ditlicult of limitation, and various attempts have been made to classify 
them. Linnanis described at least 3 species, and since that time tbe 
number of species and synonyms has increased enormously. Two 
monographs of the genus have been publislied by Italian botanists, tbe 
first by FilipiK) Parlatore' in 1800, in which the author recognized 7 
species, with 8 others in doubt. The other monograph was by Agostino 
Todaro,^ published in 1877, in whicli are described 52 species, with 2 as 
uncertain. Hamilton sought to avoid confusion by dividing the genus 
into 3 si)ecies, the white seeded, black seeded, and yellow linted, to 
which he gave the names album ^ nigrum^ and vroceum. A recent publi- 
cation, Index Kewensis,^ recognizes 42 species, of which but a very few 
are of economic importance, and mentions 88 others that have beeu 
reduced to synonyms, most of them being synonyms of species in com- 
mon cultivation. The great variability and the tendency to hybridize 
make it difficult to determine to which species a given plant may 
belong. No cultivated plant responds so quickly to ameliorated con- 
ditions of soil, climate, and cultivation as the cotton plant, and to this 
fact is due much of the confusion as to species and varieties. Another 
factor entering into the confusion is the imperfectly known types that 
have been described as species. It has been stated that some of the 
species now widely cultivated are wholly unknown in a wild state, 
and some of the specimens described by Linnaius were in all probabil- 
ity from plants that had long been in cultivation. The work of estab- 
lishing the origin of the cultivated species has been still inrther 
complicated by the exchange of seed from country to country thit has 
been going on for at least four centuries. 

Among the species recognized to be of more or less economic impor- 
tance are G, arboreum^ G. neglectum, G. brdsiliense, G. herbaceum^ G. 

^ Le specie dei cotoni. 

sRel. siiUa coltura dei cotoni in Italia, 1877-78. 

'Vol. 2, pp. 1057, 1058. 
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barbadenae, and perhaps a few others. In this coantry only the her- 
baceJJUB cottons are cultivated to auy extent. The shrubby and arbo- 
reous are grown occasionally as (mriosities, but they seldom or never 
.produce auy lint in regions having as low a mean temperature as the 
cotton belt of the United States. 

The determination of the species of cotton grown in this country pre- 
sents some peculiar difflciiltie». The autliorities differ widely regarding 
the specitio origin of the short-staple or upland cotton, while more 




nearly agreeing on that of the Sea Island liottou. The latter is geuer- 
ally considered as having originated from G. barbadense, a technical 
description of which is given below. 

G. barbadenae Liuu, was originally described as having leaves Slobed, 
entire, A moreampliiied compiled description is as follows: Shrubby, 
perennial, 6 to 8 feet high, but in cultivation herbaceous and annual or 
biennial, 3 to 4 feet high, glabrous, dotted with more or less promiuent 
black glands. Stem erect, terete, branching. Branches graceful, 
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spreading, subpyrainidal, somewhat angular, ascending, at lengtli 
recurving. Leaves alternate, j^etiolate, as long as tlie i)etioles, rotund, 
ovate, subcordate, 3 to 5 lobed, sometimes with some of the lower and 
upper leaves entire, cordate, ovate, acuminjite; lol)es ovate, ovate- 
lanceolate, acute or acuminate, channeled above, siiuis subrotund, 
above green, lighter on the veins, glabrous, ben<»ath pale green and 
glabrous, 3 to /> veined, the mid vein and sometimes one or both x)airs 
of lateral veins bearing a dark-green gland near their bases, fc^tip- 
ules erect or spreading, curved, lanceolatt^-acuminate, entire, or 8ome- 
what laciniate. Peduncles equal to or shorter than the i)etiole, 
erect, ehmgating after flowering, rather thick, angled, sometimes 
bearing a large oval gland below the involucre. Involucre 3-parted, 
erect, segments spreading at top, many- veined, broadly cordate- 
ovate, exceeding half the length of the corolla, 9 to 11 divided at 
top, divisions lanceolate, acuminati*. Calyx much shorter than the 
hivolucre, bracts cup shaped, slightly 5 toothed or entire. Corolla 
longer than the bracts. Petals open, but not widely expanding after 
flowering, broadly obovate, obtuse, crenate or undnlate margined, yel- 
low or sulphur colored, with a purple spot on the claw, all becoming 
purplish in age. Stamens about half the length of the corolla, the tube 
naked below, anther bearing above. Style e<iualing or exceeding the 
stamens, 3 to 5 parted. Ovary ovate, acute, glandular, 3, rarely 4 to 5 
celled. Capsule a little longer than the persistent involucre, oval, 
acuminate, green, shining, 3, rarely 4 to T) valved. Valves oblong or 
ovate oblong, acuminate, the points widely spreading. Seed 6 to 9 in 
each cell, obovate, narrowed at base, black. Fiber white, 3 to 4 or 
more times the length of the seed, silky, easily sei>arable from the seed. 
Cotyledons yellowish, glandular punctate. 

Species which have been considered synonyms of G. harbadense and 
to which the above description will apply are G. fnttescens Lasteyr., 
G, fuscuin Eoxb., G. glabrtim Lam., G, jamaicense Macfad., G.javani- 
cum Blume, G. maritimum Todaro, G. nifjrum Hamilton, G. oligosper- 
mum Macfad., G, perenne Blanco, G. lyerurianmn Cav., G. punctatum 
Schum. andThonn., G.racemosum l^oir,^ G.religiosum Parlatore, G.viti- 
folium lloxb., and perhaps others. 

This species is indigenous to the Lesser Antilles and probably to 
San Salvador, the Bahamas, Barbados, (ruadaloupe, and other islands 
between 12^ and 26^ north latitude. By cultivation it has been 
extended throughout the West Indies, the maritime coast of the South- 
ern States, Central America, Puerto Eico, Jamaica, etc., southern Spain, 
Algeria, the islands and coastof western tropical Africa, Egypt, Island 
of Bourbon, East Indies, Queensland, New South Wales, etc. It may 
be cultivated in any region adapted to the olive and near the sea, tbe 
principal requisite being a hot and humid atmosphere, but the results 
of acclimatization indicate that the humid atmosphere is not entirely nec- 
essary if irrigation be employed, as this species is undoubtedly grown 
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extensively in Jigypt. As si rule, the quality of tbe staple increases 
with tlie proximity to tlie sea, but there are csceptious to this rule, as 
that grown on Jamaica and some other islands is of rather low Hxade, 
while the best fiber is produced iiloug the shores of Georgia ami Caroliua. 
According to Boyle' "the quality is influenced not only by tempera- 
ture, but the balance between the amount of moisture taken up by the 
roots and that given off by the leaves must be considered, as well as 
the varied processes of culture and choice of varieties suited to each 
particular locality." This observation applies to all kinds of cotton, 
and not to the Sea Island alone. Some authors question the American 
origin of this species, and one, Maxwell T. Masters,* claims that it is of 
central African origin; bat the weight of testimony is against him, 
and in all probability this was the species grown on the island of San 
Salvador at the time of the landing of Columbus and by him carried 
to Spain. Some authors claim to recognize a difference between G. 
barbadense and 6', niaritimum;. but whether it is more than a cultural 
variation is very difficult to determine, and for oar purpose they are 
considered as botanieally synonymous, while they may be commercially 
diflerent. 

"iTiere is a well-marked form of the Sea Island cotton to whieb Todaro 
gave the vailetal name of polyearpun to which ia usually referred the 
Bamia variety of Egyptian cotton. It ia principally characterized by 
numerous flowers springing from a single axil, and an erect, slightly 
branching habit, hence giving a large yield per acre. On poor soil it 
soon degenerates to an ordinary form of Sea Island. This is considered 
by Sir. J. 1). Hooker^ as a well-marked seminal sport, with a (hstigiate 
habit, from some kind of Egyptian cotton, the bulk of which belongs 
to the Sea Island form of G. harbaderme. In one of the Kew reiwrts' 
the idea that Bamia is a hybrid between okra aud wtton is shown to 
be incorrect. The cultivation of Bamia in Kgypt is said to require 
more irrigation than the ordinary kinds. 

The yield of lint from Sea Island cotton is less than that from any 
other kind grown in this country, but on account of the length and 
quality of the fiber it is adapted to uses to which the other kinds are 
not suited, and its high market value compensates for the small yield. 

The botanical species from which have been developed the multitudi- 
nous forms of upland cotton ia of less certain restriction. Scarcely any 
of the authors agree in some of the most important particulars when 
discussing its origin. However, the weight of opinion seems to be that 
the species is either 6, herbacenm or 0. kirsutum, and as these are con- 
sidered synonyms their description is combined uuder the name of the 
former. 



'Cattivation of Cuttou in India, 
" JoTir. Linn. 8oc., XIX, p, 313. 
'Flora of Britiah ludio. 
^Kew Keport, 1887, p. 26. 
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6. hcrbaceum Linu. — Slirabby, pereoDial. but in ealtivation 1 
ceons, annaal or biennial. Piilvescence variable, [tart being long, e 
or stellate, liorizontal or spreading, sometimes short, stellate, abundant,' 
or the plants may be Lirscte, silky, or all pubescence may be more or 
les» wanting, the plants lieing glabrous or nearly so. Glauds more or 
less prominent. Stem terete, '>r eomewliat anfrle*! above, branching. 
Braucbes sjireadiug or t*reet. Leaves alteniale, petiok-il. tin.- petioles 



fttion berb^^^H 
long, simiM^^H 
e. abiindant.^^^^ 




about equaling the blades, cordate or subcovdate, 3 to 5, rarely 7 
Lobes from oval to ovate, acuminate, pale green above, lighter beneati 
more or less hairy on the veins, 3 to 5 or 7-veined, the midvein and » 
times the nearest lateral veins glandular toward the base or glanft 
wanting. Sinus obtuse. Lower leaves sometimes cordate, acuminata 
entire, or slightly lobed. Stipules erect or spreading, ovate-lauceolati 
to linear lanceolate, acuminate, entire or occasionally somewhat dentatri 
Peduncles erect in flower, becoming pendulous in fruit. InvoIocr^JI 
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rarely 4 parted, shorter than the corolla, appressed spreading in fruit, 
broadly cordate, incisely serrate, the divisions lanceolate, acuminate, 
entire or sometimes spariDgly dentate. Calyx less than half the length 
of the involacre, cup-shaped, dentate, with short teeth. Petals erect, 
spreading, ohovate or cuneate, obtuse or emarginnte, curled or crenn- 
late, white or pale yellow, usually with a purple spot near the base, iii 
age becoming reddish. Stamens half the length of the corolla. Pistil 
equal or longer than the stamens. Ovary rounded, obtuse or acute, 
glandular, 3 to 5 celled. Style about twice the length of the ovary, 
3 to 5 parted above, the glandular portiou oft«u marked with 2 rows of 
glands. Capsule erect, globose or ovate, obtuse or acuminate, mucro- 
nate, pale green, .'i to 5 celled. Valves ovate to oblong, with spreading 
tips. Seed 5 to 11 in each cell, free, obovate to subglabrous, narrowed 
at base, clothed with two forms of fiber, one short and dense, closely 
enveloping the seed, the other 2 to 3 times the len gth of the seed 
white, silky, and separating with some difficulty. Cotyledons somewhat 
glandular punctate. 

This species includes in its synonyms the following: G. album Hamil- 
ton, &. chinense Flscb. and Otto, G, croceum Hamilton, G. eglandulosum 
Cav., 0. elatum Salisb., O. glanduJosum Steud, G. kirnutum Linn., G. 
indicum Lam., 6. lati/oUum Murr., G. leoninum Medic, G. maeedonicum 
Mnrr., 0. micranthwm Cav., G, molle Mauri, G. nanlnng Meyen, G. 
obttisifolium Roxb., G. paniculaiwm Blanco, G. punctatum Guil, and 
Perr., 0. religiosum Linn., G. sinmense Tenore, G. sineme Fisch., G. 
8/ne(wm Medic, G.tricuspidatum Ija,m,,a,iid 0. ci(i/b(iMiB Boxb., together 
with numerous others the descriptions of which are too indefinite or 
the specimens too meager to determine them positively. 

The origin of this series is much more confused than that of the Sea 
Island cotton. If we separated the upland cotton into two species, viz, 
G, herbaceum and G. hirsiitum, probably the question would no doubt 
be simplified, as the former is generally considered of Asiatic origin, 
while the other is attributed to America. Todaro ' claims that the form 
called by him O. hirsutum originated in Mexico, from whence it has 
been spread by cultivators throughout the warmer portions of the 
world. To this form he ascribes the Georgia upland cotton or the long- 
staple njiland cotton. Parlatore' considers it indigenous to some of the 
islands of the Gulf of Mexico us well as the mainland, and all green- 
seeded cotton, which is cultivated so widely, as originating from this 
form. On the other hand, he claims' India, especially the shores of 
Coromandel, as the primitive home of G. herbaceum, from which place 
it has spread as extensively as its western congener, and is found in 
cultivation in nearly the same regions. Todaro says* that G. herba- 

iRel. Bulla roltura dei cotoni in Italia, 1877-78, p. 212. 

*Le specie del cotoni, p. 43. 

»Ibid.,p, 33. 

* Bel. anlla coltura del cotoni in Italiu, p. 133. 
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ceum is spontaneous in Asia and perhaps also in Egypt, and he claims 
O. icighUanum as the primitive form of the Indian cottons. Maxwell 
T. Masters ' claims G, stocksii as the original of all the cultivated forms 
grouped under G. herbaceum. Others consider G. herhaceum as a native 
of Africa, and it seems impossible from the mass of conflicting evidence 
to determine just where it did originate. It seems probable that G. her- 
baceum is not a definite species, but one developed by cultivation from, 
perhaps, several wild species, and it represents not a species but a 
group of hybrids and forms more or less closely related. However, if 
we consider it as a definite species, no violence is done in claiming it as 
indigenous to as widely separated regions as America and Asia, nor is 
it necessary to assume the migration from one ])lace to the other, but 
rather to consider it an example of simultaneous evolution of a species 
in opposite portions of the globe without any communication between 
the progenitors of the species, examples of which are well known. It 
is a case of evolution influenced by like conditions, and it is probable 
that the needs of man entered very largely into the development by 
the selection of certain charficters which it was desirable to perpetuate. 

The cottons usually called ** nankeen" are only color variations of 
the above, and may be found in nearly every si)ecies that is cultivated. 
Authorities agree that in all probability the yellow lint is the wild 
form of all cottons, and this character can not be used to designate 
species. 

Species of secondary importance that may be occasionally met in this 
country, or species thought to bo worthy of introduction, although 
their value is certainly less than those furnishing the staple crop, are 
as follows: 

G. arboreum Linn. — Shrubby perennial, but in cultivation sometimes 
annual or biennial; tomentose with two forms of hairs, one long and 
simple, the other more numerous, shorter, and stellate; glands small^ 
scarcely prominent, more or less scattered. Stem erect, terete, very 
branching. Branches spreading, terete. Leaves alternate, petiolate, 
with petioles a little shorter than the blade, subcordate, 5 to 7 lobed^ 
lobes oblong-lanceolate or lanceolate-acuminate, bristle-tipped, scarcely 
channeled above; sinus obtuse, often with a small lobe in some of the 
sinuses, beneath pale green and softly pubescent, 5 to 7 veined, the mid- 
vein and often the two adjacent ones with a reddish-yellow gland near 
their base; upper leaves palmately 3 to 5 lobed, lobes short. Stipules 
erect, spreading, lanceolate, acuminate. Peduncles axillary, erect before 
and spreading or horizontal after flowering and drooping in fruit, about 
three-fourths the length of the petioles, terete, destitute of glands, 1 to 2, 
usually 1-flowered, jointed above the middle, bearing a small leaf and 
2 stipules at this point. Involucre 3-parted, appressed or scarcely 
spreading at summit, many-nerved, broadly and deeply cordate, ovate, 
acuminate, 5 to 9, rarely 3 dentate or nearly entire. Calyx much shorter 

^ In Hooker's Flora of British India. 
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than the bracts, aubglobose, truncate, creuulate or subdentate, with a 
large gland at the base within the involucre. Corolla campanulate, 
petals erect or spreading, broadly cuneate, subtruncate, crisp or creuu- 
late, purple or rose colored, with a large, dark-purple spot at the base. 
Staminal tube about half the length of the corolla. Pistils equaling or 
a little longer than the stamens. Ovary ovate, acute, glandular, usually 
3-celled. Style little longer than the ovary, 3-parted, without glands. 
Capsule pendulous, a little longer than the persistent involucre, ovate 
rounded, glandular, 3 to 4 celled, and valved. Valves ovate-oval, 
spreading, mucronate-acuminate, the mucro recurved. Seed 5 to 6, 
ovate, obscurely angled, black. Fiber two forms, one white, long, over- 
lying a dark- green or black down; not readily separable from the seed. 

This species of cotton appears to be indigenous to India and the 
regions bordering on the Indian Ocean. According to Watt,^ it is found 
near temples and in gardens, where it is said to be in flower most of the 
year. The plant is a perennial, lasting for five or six years or longer, 
and is not used as a field crop. The fiber is fine, silky, and an inch or 
more in length, but little of it is produced. The cultural name giv^en it 
is Nurma or Deo cotton, and its use is said to be restricted to making 
thread for the turbans of the priestly class. Its value is said to be 
greatly overrated. This species is sometimes known as G. religiosum, 

G. neglectum Tod. — Stem erect. Branches slender, graceful, spread- 
ing. Leaves, lower ones 3 to 7 palmately lobed, segments lanceolate, 
acute, rarely bristle- tipped, sinus rounded, the small lobes in the sinuses 
less distinct than in the previous species, upper leaves 3-parted. Stip- 
ules next the peduncles semiovate, dentate, the others linear-lanceo- 
late, acute. Peduncles with short lateral branches, 2 to 4 flowered. 
Involucral bracts coalescent at base, deeply and acutely laciniate. 
Petals less than twice the length of the involucral bracts, obovate, 
unequally cuneate, yellow, with a deep-purple spot at base. Stamen- 
tube half the length of the corolla, naked at base. Capsule small, 
ovate, acute, cells 5 to 8 seeded, seed obovate, small, clothed with two 
forms of fiber, one very short, closely adherent, and of an ashy-green 
color, the other longer, rather harsh, white. 

This species, indigenous to India, is very similar to G. arboreum^ 
and by some is thought to be a hybrid between that species and some 
other, or it may be only a cultural form of the first. It is a large bush, 
although sometimes only 18 inches in height, and is extensively grown 
in India as a field crop. It is the Dacca cotton of Royle and Eoxburgh 
and the China cotton of the same authors. This species is cultivated 
in Bengal, the Punjab, and the Northwest Provinces, and it constitutes 
to a large extent the Bengal cotton of commerce.^ Todaro^ has sepa- 
rated from the species two varieties — roxhurghianum and ohinense — 

' Diet. Economic Products of India, Vol. IV, p. 5. 

2Ibid., p. 7. 

° Kel. suUa coltura dei cotoni in Italia, p. 169. 
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corresponding to the Dacca and China cottons above mentioned. It is 
very probable that both the varieties and the species are not well 
founded, bat are cultural forms. There is another Indian species, O. 
wightianum Tod., that is claimed to be the form chiefly cultivated in 
India. It greatly resembles the 6^. herbaceum of India, but differs from 
that species in that the latter has broader and more rounded leaves, 
and broader, thinner, and deeper cut bracteoles. It is characterized 
as follows : 

0. wightianum Tod. — Stems erect, somewhat hairy, branches spread- 
ing and ascending. Leaves when young densely covered with short, 
thick, stellate hairs, becoming nearly glabrate in age; ovate-rotund, 
scarcely cordate, 3 to 5 rarely 7 lobed, lobes ovate, oblong, acate, con- 
stricted at base into a rounded sinus. Stipules on the peduncles 
almost ovate, others linear-lanceolate, acuminate. Flowers yellow 
with a deep-purple spot at base, becoming reddish on the outside in 
age. Bracteoles small, slightly united at base, ovate, cordate, acute, 
shortly toothed. Peduncles erect in flower, recurved in fruit, one-fourth 
the length of the petioles. Capsule small, ovate, acute, 4-celled, with 
8 seeds in each cell. Seeds small, ovate, subrotund, clothed with two 
forms of fiber, the inner short and closely adhering, other longer, white 
or reddish. 

This species is said to readily hybridize with 0. neglectum, and numer- 
ous species have been founded upon these cultural forms. Among 
these hybrids are some of the most valuable of Indian cottons. 

The typical forms of the foregoing species of cotton have their seed 
free from each other, but there is another group in which the seed of 
each cell are closely adherent in an oval mass, from which appearance 
they are called " kidney " cottons. Most if not all these species are trop- 
ical, and their presence in this country as anything more than curiosities 
is highly improbable. The most important of them is O. braziliense 
Macfad., and in addition to the fact of the seed adhering in clusters the 
species is an arborescent plant with very large, 5 to 7 divaricate lobed 
leaves and very deeply laciniate involucral bracts. The cottons of 
South America, known to the trade as Pernambuco, Ceara, Santos, etc., 
are evidently not of this species, but belong to the O. harhadense and 
O. herbaceum series. 

The physiology and histology of the cotton plant seem to be subjects 
that have been almost wholly ignored by investigators, and the only 
references to these subjects are for the most part very general. 

According to Heuz^,^ the time required for the maturity of a cotton 
crop is divided as follows: From seeding to flowering. New Orleans 
80 to 90 days, Sea Island 100 to 110 days; from flowering to maturity, 
New Orleans 70 to 80 days, and Sea Island about 80 days, making the 
total period of growth about 5 to 6J months. According to the same 
authority, the best average daily temperature for the growth of cotton 



' Plantea Industrielles, Vol. I, p. 139. 
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is from 60o to 68^ F. for the period from germination to flowering and 
from 6S^ to 780 from flowering to maturity. Dr. Wight ^ says that for 
the proper maturity of the best qualities of American cotton an increas- 
ing temperature during the period of greatest growth is required. The 
failure to produce in India a quality of fiber equal to the American 
product from the same kind of seed is attributed to the fact that in the 
climate of the former there exists a diminishing rather than an increas- 
ing average daily temperature. 

The effect of too much rain is to form too much plant and not enough 
fruit, while serious drought causes a stunted growth of the plant in 
which few bolls are formed and these ripen prematurely. In the latter 
case the resultant crop is generally short in staple and poor in quality. 

The structure of the cotton fiber has been studied to a considerable 
extent, and the works of Bowman^ and Monie^ may be considered as 
standard on this part of the subject. The first thing noticed in com- 
paring samples of cotton is the difference in the length and the fineness 
of the fiber, and upon these factors almost entirely depends the com- 
mercial grading of the crop. The principal species of cotton vary in 
respect to the length of their fiber within rather constant limits, 
dependent upon soil, culture, and atmospheric conditions. The follow- 
ing table compiled from numerous measurements taken during a period 
of years shows the maximum, minimum, and average length of fiber 
for some of the more important varieties, and also the average diameter 
of the same: 



Length and diameter of the principal cotton fibers. 



Variety. 



Sea Island 

Kew Orleans 

Texas 

Upland 

Egyptian 

Brazilian 

Indian varieties : 

Native 

American seed. 

Sea Island seed 



Length of stapl 


e. 


Maximum. 


Minimum. 


Average. 


IncJiea. 


IncJie8. 


Inchea. 


1.80 


1.41 


1.61 


t.l6 


.88 


1.02 


1.12 


.87 


1.00 


1.06 


.81 


.93 


1.52 


1.30 


1.41 


1.31 


1.03 


1.17 


1.02 


.97 


.89 


1.21 


.95 


1.08 


1.65 


1.36 


1.50 



Average 
diameter 
of staple. 

Inoh. 
.000640 
.000775 
.000763 
.000763 
.000655 
.000790 

.000844 
.000825 
.000730 



From the above table it will be seen that, as a rule, the longer the 
fiber the less its diameter. The extreme variation in length of the above 
fibers, from the figures as shown in the table, is from 0.25 to 0.30 inch. 
In proportion to their size the variation in diameter Is much greater 
than that shown for the length. 

If a very immature boll be cut transversely the cut section will show 
that it is divided by longitudinal walls into three or more divisions, 

1 Jour. Agr. Hort. Soc. India, 7 (1849-50), p. 23. 

'Structure of the Cotton Fibre, F. H. Bowman, Manchester, 1881. 

^The Cotton Fibre, its Structure, etc., Hugh Monie, Manchester and London, 1890. 



78 THE COTTON PLANT. 

and the seed will be shown attached to the inner angle of each division. 
The seed retain this attachment nntil they have nearly reached their 
mature size an<l the growth of lint has begun on them, when their 
attachments begin to be absorbed and by the increased growth of the 
lint the seed are forced to the center of the cavity. The development 
of the fiber commences at tli(^ end of the seed farthest from its attach- 
ment, and gradually spreads over the seed as the i)r(H*e88 of growth con- 
tinues. The first appearance of the cotton fiber occurs a considerable 
time before the seed has attained its full growth, and commences by the 
development of cells from the surface of the seed. These cells seem to 
have their origin in the second layer of cellular tissue, and force them- 
selves through the epidermal layer, which seems to be gradually 
absorbed. The cells which originate the liber are characterized by the 
thickness of their cell walls when compared with their diameter. The 
method of growth, according to Bowman,' is by the successive linear 
development of cells, the walls of which are absorbed at the point of 
contact until an elongated cell is ])roduced, whi(!h constitutes the cot- 
ton fiber. The <!ontinued growth of this mass of fiber assists in burst- 
ing open the pod when the period of maturity is reached. The length 
of the fiber varies considerably on different parts (»f the seed, being 
longest on the crown and shortest at the base. It is claimed that the 
fibers do not attain their full length until the pod has been opened and 
the fibers are exposed to the drying jind ripening effect of the air 
and sun. 

In their earliest stages the young fibers appear circular in section, 
but with their increase in length the walls become thinner and finally 
collai)se into a flat, thin-walled fiber, in appearance like a thin, trans- 
parent ribbon. With the opening of the boll there is a rapid consoli- 
dation of the liquid cell contents, which by being deposited on the 
inner side of the walls give to the fiber a greater thickness and density. 
As the degree of maturity is increased the fiber once • more becomes 
rounded in section. As this action is not i)erfectly regular, owing to 
the unequal pressure and deposition of the cell contents, the fibers 
become twisted, a character readily recognized under the microscope, 
and one that distinguishes cotton from any other fiber. 

In the early period of their formation the cells are filled with astrin- 
gent juices whose presence may be recognized by applying the tongue 
to the cut surface of an immature boll. During the process of ripening 

these juices are replaced by others of a neutral or saccharine nature, 

« 

and when perfectly ripe tb ' cotton fiber consists almost entirely of cel- 
lulose. 

When viewed under a microscope the general appearance of a cotton 
fiber is that of an irregular, flattened, and somewhat twisted tube, the 
tubular form sometimes being lost in the completely flattened fiber. 
The edges of the fiber are somewhat thickened and slightly corrugated. 

* Structure of the Cotton Fibre, p. 25. 
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The hollow tubular character and constant diameter of the liber are 
maintained for about three-fourths its length, when it tapers to a point, 
where it is perfectly cylindricjal and often solid. From various causes 
there are often found solid places in the body of the fiber, and where 
such places exist the quality of the staple is reduced, owing to the ine- 
quality with which such fibers take up dyestuffs. 

The twist in the fiber, which seems to be an acquired character not 
possessed by wild cotton, is explained by Monie^ as follows: 

The rotary motion begins with the process of vacuation in the fiber, caused by the 
withdrawal of some of the fluid in the fiber when the seed begins to ripen, and as 
this is effected slowly and progressively, beginning near the extremity farthest from 
the seed and gradually receding toward the base, the free end or point becomes 
twisted on its own axis several times, thus producing the convoluted form exhibited 
under the microscope. 

In every lot of cotton three classes of fibers may bo recognized — (1) 
unripe, (2) half-ripe, and (3) ripe. Th^se conditions are dependent 
upon several factors, the most important of which is the gathering of 
cotton before it has been exposed for a sufficient time to the ripening 
action of the air and sun. The other cause is due to the different stages 
of maturity of the filaments on different parts of the same seed. Unripe 
cotton when examined with the aid of a microscope appears extremely 
thin and transparent, and usually with little or no twist, and it is of 
little use for manufacture. When used it contracts and curls up in the 
warm atmosphere of the factory, causing yarn spun from cotton con- 
taining much unripe fiber to depreciate greatly in value. The half-ripe 
fiber has the same characters, but to a lesser degree, and is more valu- 
able than the former, but it is only the ripe cotton fiber that possesses 
all the requisites for perfect spinning and dyeing. 

The differences of the three kinds of fibers as observed under the 
microscope are shown in the accompanying figures redrawn from 
Bowman's Structure of the Cotton Fibre. 

A perfect cotton fiber consists of four parts — (1) an outer membrane, 
which constitutes the outside skin of the fiber; (2) the real cellulose, 
which constitutes 85 per cent of the fiber; (3) a central spiral deposit of 
a harder nature than the rest of the fiber, and (4) a central secretion 
that corresponds somewhat to the pith of a quill. 

Covering the cotton fiber is a sort of varnish or oleaginous deposit, 
technically known as cotton wax. This is said by Monie* to amount to 
about 2 per cent by weight of the fiber, and must be removed before the 
yarn is dyed, otherwise the coloring will be poorly done. The presence 
of this substance on the fiber is readily shown by the difficulty with 
which ordinary cotton absorbs moisture. Absorbent cotton is cotton 
that has been treated in such a way that all the cotton wax is removed. 

The details of treatment that the fiber must be subjected to before 

^The Cotton Fibre, its Structure, etc., p. 25. 
2Ibid., p. 24. 
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gpinoing and dyeing belong to the techniqne of those trades, and woold 
be out of place iu this article. The theory which explains the power of 



Tia. 3 — CottOD fibers 




fibers to take up and retain dyes seems not very well authenticated, and 
ia intentionally omitted. 



CHEMISTRY OF COTTON. 

By J. B. McBryde, Chemist of the Tennessee Experiment Station, and W. H. Beal, 

Office of Experiment Stations. 

As a rule our staple agricultural plants have not received the thor- 
ough, systematic chemical investigation that their importance demands. 
It is true that in many cases the commercial products have been the 
subject of numerous and some:imes exhaustive chemical studies, but for 
the plant as a whole, especially with reference to its composition and 
demands upon the soil at different stages of growth, the analytical 
data are singularly incomplete and unsatisfactory. This is strikingly 
true of the cotton plant, of which it has been said: "It is more than 
probable that less is known of the composition of this plant, with 
the exception of the seed, than of any other of our staple crops." 
Although a number of recent studies of the cotton plant have been 
reported which in a measure supply this deficiency, it will be found 
that of some 1,500 analyses of the plant and its various parts reported 
in this article by far the greater number relate to the seed and its 
products, the rest of the plant, if we except the lint, having usually 
been ignored. 

In the present article chemical data relating to cotton have been col- 
lected from every available source and classified and arranged for the 
use of investigators, little technical discussion of the data being 
attempted except where it is necessary to emphasize a point not clearly 
brought out by the tables. As a rule the data used in the text tables 
have been limited to maxima, minima, and averages of the more impor- 
tant constituents, individual analyses being given only when necessary 
to illustrate some particular point. A complete compilation of analy- 
ses will be found in tables at the end of the article. The order of 
arrangement is (I) the entire plant and (2) its different parts, beginning 
with the roots. Under each of the main heads the order is (1) fertiliz- 
ing constituents, (2) proximate constituents, and (3) miscellaneous chem- 
ical studies. This arrangement allows discussion in logical sequence, 
first, of the chemical data relating to the demands upon the soil and 
the growth and development of the plant; and second, that relating 
to the character of the product and its utilization. 

1993— No. 33 G 81 
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ENTIRE PLANT. 



FERTILIZIN(i ('()XSTITI'EXT8. 



Tlie results of available analyses of the eutire plaut, iuclading the 
roots, are given in the following table: 

Fertilizing coHMlitiientH of cotton {entire plant). 



"So. 



I analv- Wuter. Asb. i „"„ phoric Fotaah. 
I 8ii»; , . i ««"• Tacld. 



Limo. 



3 
4 



Voiinc plants collrrted Jane j 
'.i ( wit Ii t wo leavoH) a 

Yoiinf; pluntH rollecttHlJuno 
lJ3rt 

Mature plants 

do 



Prr ct. 



1800 

1890 
1H57 
1890 



7.36 



Per et. 
17.36 

16.21 
4.ri7 
5.81 



Maff. 
nesifL 



Per et. Per et. Per ct. Per ct. Per ct. 
3.82 , 3.51 , 2.69 5.34 1.29 



3.93 
'i.*46 



I 



2.10 
.44 
.44 



1.96 

ftL17 

1.32 



4.70 

.82 

1.42 



1.15 
.46 
.52 



a Water free. 



h PotaHh and soda. 



The data are too limited and unsatisfactory to warrant averages. 
The analyses of young x)lants collected June 23 show a decrease in the 
percentages of ash con.stituents, especially phosphoric acid, from those 
found in plants collected twenty days esirlier. 

In connection with investigations on the effect of different fertilizers 
on the composition of cotton grown on poor and fertile soils, Anderson^ 
has made analyses of the above ground portion of cotton plants in the 
flowering and boiling stages, the principal results of which are given 
in the table below : 

Fertilizing constituents in dry matter of cotton plants grown with different fertilizers on 

poor and fertile soil. 



Poor soil: 

No fertilizer 

Nitrogen 

Potash 

Phosphoric acid 

Nitrogen and potash 

Nitrogen and phosphoric acid 

Potash and phosphoric acid 

Nitrogen, potash, and phosphoric 

acia. 

Fertile soil: 

No fertilizer 

Nitrogen , 

Potash 

Phosphoric acid 

Nitrogen and potash 

Nitrogen and phoHpboric acid 

Potash and phosphoric acid 

Nitrogen, potash, and phosphoric 
acid. 



Potash. 



Flower- 
ing stage. 



Per 



cent. 
2.03 



2.75 



2.14 

1.82 
o 

2.55 

3.U 
3.29 
3.32 
3.23 
2.98 
3.20 
3.10 

3.61 



Boiling 
stage.a 



Per cent. 
1.26 



Phosphoric acid. 

Flower- j Boiling 
ing stage.' stage.a 



Average. 



2.79 



2.12 
1.05 
2.12 

2.56 

2.01 



2.03 
1.49 
2.75 

3.05 



2.10 



Per cent. Per cent. 



0.93 
.86 



0.79 



,78 

63 

,70 

,92 

83 

83 
83 
90 
,91 
81 
,85 
80 

86 



.35 
.54 
.49 

.56 

.74 



.74 
.69 
.90 

.70 



.83 i 



.65 



Nitrogen. 



Flower- 
ing stage. 



Per cent. 
8.49 
3.91 
3.38 
8.84 
8.86 
3.69 
3.97 

3.65 

3.99 
3.98 
3.72 
3.90 
3.83 
4.23 
3.87 

4.35 



3.85 



Boiling 
stage.a 



Percent. 
1.8S 



1.97 

1.8S 
1.84 

1.83 

2.81 



2.4i 
2.00 
2.4i 

2.84 



2.10 



a Small, immature seed removed before analysis. 



1 Alabama College Sta. Bui. 57. 
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The table shows that the proportions of fertilizing constituents of the 
cotton plant vary greatly with varying conditions of soil, fertilization, 
etc. From this study Anderson concludes — 

(1) That the composition of the cotton plant, in respect to potash, phosphoric acid, 
and nitrogen, is subject to decided variation under varying conditions. 

(2) That the nature of the soil exerts a considerable influence on the composition 
of the plant, a rich soil giving higher percentages of the three important constitu- 
ents than a poor soil. 

(3) By fertilizing with either of the three constituents in soils not already con- 
taining a sufficiency of the same it is possible to increase the percentage of that 
constituent in the cotton plant which is grown in such soil. 

The averages also show a notable decrease in the per cent of fertiliz- 
ing constituents as the period of growth advances. 

Studies along this line, including studies of the proximate constitu- 
ents as well as fertilizing constituents, will undoubtedly prove of the 
greatest value in elucidating the principles of the nutrition of the cot- 
ton plant and in developing a rational system of fertilization which will 
admit of general application. 

The plan so successfully followed by European investigators with 
»ome of the cereals and adopted by Snyder^ with such good results in 
work of this character on wheat may undoubtedly be applied with 
advantage to the cotton plant. Anderson, and Hutchinson and Pat- 
terson* have made a good beginning in this direction, but their work 
needs extension and duplication so as to eliminate local and individual 
peculiarities before generalizations are safe or even possible. ' 

Draft of the cotton plant on the soil. — In this connection we may appro- 
priately discuss the demands of the cotton plant upon the fertility of 
the soil as indicated by the chemical analyses thus far made. In order 
to do so intelligently, we must know the relative proportions of the dif- 
ferent parts of the plant; but it should be understood in using the table 
below that however carefully they may have been obtained, the figures 
there reported represent the results of examinations of cotton plants, 
grown under one set of conditions only, and that the proportions are 
likely to vary greatly with variations of soil, season, fertilizers, etc. The 
following table is compiled from data secured by McBryde^ from exami- 
nations of a large number of plants: 



. 


Proportionn of different parts of the cotton plant. 

Water-free.] 










Weight. 


Per cent. 




Ounces. 


Grams. 


Boots 


0.513 
1.350 
1.181 

.829 
1.343 

.615 


14.55 
38.26 
33.48 
23.49 
38.07 
17.45 


8.80 


fttAmii 


23.15 


TjAAveft ........... 


20.25 


Boll* 


14. 21 


Seed 


23.03 


Lint 


10.56 








Total crop. . . 


5.831 


165. 30 


100 







^ Minnesota Sta. Bui. 29. 

2 Mississippi Sta. Tech. Bui. 1. 

3 Tennessee Sta. Bnl., Vol. IV, No. 5. 
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Calculating the averages of the analyses of the different parts to the 
basis given in the alx>ve table, we find the amounts of soil ingredients 
removed by a crop yielding 100 pounds of linti)er acre: 

Fertilizing vonatituenta in a crop of cotton yielding 100 pounds of lint per acre. 



[Pounds pur acre.] 



Roots (83 poiin(U) ... 
.St*'iiiH(2l9iM>iin<l8).. 
leaves (192 ihiiiuiIh). 
HoIIh (135 iMimdn)... 
See<l (218 poiiiulH) ... 
Liut (KM puiiudH) . .. 



Totarcrop (847 pounds). 



0.76 
3. 20 
6.10 
3. 43 
6.H2 
.34 



20.71 



Phoi»- 



Nitrogen. phoHc Potash. Lime. „«?j^ 
acid. °*^*** 



0.43 
1. 29 
2.28 
1.30 
2.77 
.10 



8.17 



1.00 
3.09 
3. 46 
2.44 
2.55 
.46 



13.06 



0.53 

2.12 

8.52 

.69 

.55 

.19 



12.60 



0.34 
.92 

1.67 
-54 

1.20 



A.7C 



McHryde has shown "that even when the seed is taken away along 
with the lint, cotton still removes smaller amounts of fertilizing mate- 
rials from the soil than either oats or corn." It is an important fact that 
the lint and the oil, whose fertilizing constituents alone are necessarily 
permanently lost to the farm, contain comparatively insignificant 
amounts of these constituents. If, therefore, the roots, stems, leaves, 
etc., are turned under, and the hulls and nu^al used on the farm ui)on 
which the cotton was grown, cotton is the least exhaustive of the staple 
crops to the soil.' 

PROXIMATE CONSTITUENTS. 

In the following table are given three proximate analyses of the 
whole plant and three of plants with seed cotton removed. Nos. 2 and 
3 are of very young plants. At the date of No. 2 the plant had only 
two leaves. No. 1 is of the fully matured plant: 

Proximate constituents of cotton {entire plant). 



No. 



1 Collected Oct. 25. 

2 Collected June 3 . 

3 Collected June 23 



Average 



4 ' Plant with seed cotton removed. 

5 ! do 

6 do 



Average 



Date of 

analy- Water, 
sis. 



1890 
1890 
1890 



1882 
1890 
1893 



Per ct. 
7.36 
a 10 
a 10 



6.51 
10.76 
12.77 



10.01 



Ash. , 


Protein. 


Fiber. 


Per ct. 

5.81 

15.62 

14.59 


Perct. 

9.13 

21.49 

22.09 


Perct. 
30.94 
16.38 
18.79 



Nitro- 
gen- 
free ex- 
tract. 



Per ct. 
42.84 
32.51 
29 98 



12.01 



5.30 
5.34 
7.75 



6.13 



17.57 

6.06 
5.67 
7.31 


22.04 


35.33 
40.27 
27.55 


6.35 


34.38 



35.11 



44.18 
36.92 
42.35 



41.15 



Fat. 



Per ct. 
3.92 

4 
4.55 



4.15 



2.62 
1.04 
1.98 



1.98 



a Assumed. 



^ As win be shown in subsequent chapters, the exhaustion of the soil by cotton cul- 
ture is due very largely to the fact that the soil lies bare for a large part of the year. 
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ROOTS. 



FERTILIZING CONSTITUENTS. 



The roots, as shown above, constitute 8.8 per cent of the entire plant. 
Data from analyses of 14 samples of roots collected at different stages 
of growth are compared in the following table, the maximum, minimum, 
and average composition being compiled from 18 separatee analyses : 

Fertilizing constituents of cotton roots. 



ISo. 



1 
2 
8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



Date of 
analy- Water. 

818. I 



Collected J tay 2.. 
Collected July 12. 
Collected July 22. 
Collected Aug. 1 . . 
(Collected Aug. 11. 
Collected Aug. 22. 
Collected June 18 
Collected June 28 
Collected July 8.. 
Collected July 18. 
Collected Jul> 28. 
Collected Aug. 7. . 
Collected Aug. 17. 
Collected Aug. 28. 



i Minimum . 
18 analyses < Maximum 
( Average . . 



1800 
1800 
1800 
1890 
1890 
1890 
1891 
1801 
1891 
1891 
1891 
1891 
1801 
1801 



; Perot. 
,a1U 

rtlO 

a 10 

a 10 

alO 

a 10 

a 10 

a 10 

;aio 

a 10 
a 10 
alO 
:alO 
a 10 



Asb. 



Per ct. 
6.52 
4.87 
4.18 
6.54 
4.04 
3.01 
7.23 
4.78 
4.18 
4.25 
3.29 
3.48 
3.21 
3.54 



Nitro- 
gen. 



Per ct. 

1.13 

1.07 
.91 

1.15 
.94 
.92 

1.58 
.96 
.86 
.97 
.57 
.71 
.52 
.47 



Phos. I 

phoric I Potash, 
acid. I 



Lime. 



Mag- 
nesia. 



.1 



Per ct. 
0.68 
.57 
.36 
.92 
.55 
.31 
.66 
.60 
.58 
.59 
.50 
.47 
.45 
.49 



'6.93 
10 
9.66 



3.01 
7.23 
4.50 



.47 

1.58 

.92 



.14 
.92 
.49 



Per ct. 

1.69 

1.28 

.99 

1.30 

.96 

.70 

3.10 

1.89 

1.48 

1.57 

.94 

.95 

1.03 

.71 



I Per ct. 

1.03 
.85 
.53 
.91 
.76 
.AM 
.69 

^.48 
.43 
.40 
.46 
.36 
.43 
.42 



,70 
3.10 
1.28 



.36 

1.18 

.04 



Per ct. 
0.59 
.55 
.41 
.81 
.49 
.34 
.56 
.42 
.39 
.41 
.36 
.31 
.26 
.26 



.26 
.81 
.41 



a Assumed. 



We notice here, as in case of the analyses of the entire plant, a 
decrease in the percentage of total ash as the season advances. The 
nitrogen and potash also decrease under the same circumstances. The 
phosphoric acid, while somewhat irregular, shows a tendency to 
decrease. The same appears to hold true of the lime and magnesia, 
indicating a more active assimilation of fertilizing constituents during 
the early growth of the plant than in the later stages. Still, the varia- 
tions are suflSciently irregular during the two seasons to emphasize the 
need of more extended investigations in order to establish the laws 
governing the nutrition of this part of the plant. 
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THE COTTON PLANT. 



PROXIMATE CONSTITUENTS. 



The table below shows the proximate constituents of the roots at 
various stages of growth during two years, the maxima, minima, and 
averages being compiled from 15 analyses: 

Proximate constiiuenia of cotton roots. 



Ko. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



Collected 
Collected 
Collected 
Collected 
Collected 
Collected 
Collected 
Collected 
Collected 
Collected 
Collected 
Collected 
Collected 
Collected 



Jnly 2. . 
July 12. 
July 22. 
Aug. 1.. 
Aug. 11. 
Aug. 22. 
June 18. 
June 28. 
Jnly 8.. 
July 18. 
July 28. 
Aug. 7. . 
Aug. 17. 
Aug. 28. 



C Maximum 

15 analyses < Minimum 

(Average . 



Date of 






analy- 


Water. 


Ash. 


sis. 








Per cent. 


Per cent. 


1890 


a 10 


6.52 


1800 


a 10 


4.87 


1890 


a 10 


4.18 


1890 


a 10 


6.54 


1890 


a 10 


4.04 


1890 


a 10 


3.01 


1891 


a 10 


7.23 


1891 


a 10 


4.78 


1891 


a 10 


4.18 


1891 


a 10 


4.25 


1891 


a 10 


3.29 


1891 


a 10 


3.48 


1891 


a 10 


3.21 


1891 


a 10 


3.54 




7.23 
3.01 
4.43 




• 











Protein. 



Per cent. 
7.04 
.8.71 
5.67 
7.20 
5.87 
5.75 
9.89 
6.03 
5.35 
6.08 
3.65 
4.45 
3.29 
2.92 



9.89 
2.92 
5.60 





Nitrogen- 


Fiber. 


free 




extract. 


Per cent. 


Per cent. 


42.35 


31.95 


41.13 


34. 87 


43.94 


33.62 


42.28 


31.79 


48.40 


30.26 


43.73 


34.88 


41.98 


29.14 


41.85 


36.38 


38.55 


39.15 


45.32 


32.44 


45.51 


35.41 


47.27 


33.31 


44.71 


37.04 


47.29 


34.00 


48.57 


39.15 


38.55 


29.14 


44.19 


33.92 



Fat. 



Per cent 
2.14 
2.42 
2.59 
2.19 
1.43 
2.03 
1.76 
.96 
2.77 
1.91 
2.14 
1.49 
1.75 
2.25 

2.77 

.96 

2.04 



a Assumed. 

The crude fiber fluctuated both years, though the tendency was to increase. The 
protein fluctuated also, and was very diff'erent for the two seasons. In 1890 it 
remained nearly the same throughout the season, while in 1891 the tendency was 
rapidly downward, being at the end about one-third" what it was at the beginning 
and about half what it was at the close of 1890. The ether extract and carbohydrates 
also fluctuated, both being higher, as a rule, the latter season. The ash fluctuated 
a little both years, but the tendency was to become less. At the close it was half 
what it was at the beginning of the season. ^ 

MEDICINAL PROPERTIES. 

Cotton- root bark (Qossypii radicis cortex U. S. P.) contains a chemical 
substance similar in its action to ergot. The active property appears 
to reside in a red resin, but as far as can be ascertained no separated 
principle, representing the full activity of the bark, has yet been ex- 
tracted from the drug. E. S. Wayne in an article entitled " Medicinal 
properties of cotton roots" ^ gives the results of a study of the chemical 
properties of this drug. 

STEMS. 
FERTILIZING CONSTITUENTS. 

The stems constitute about 23 per cent of the entire plant. The fol- 
lowing table shows the fertilizing constituents of stems at various 
stages of growth. The maxima, minima, and averages are compiled 
from 20 analyses. 

^ Mississippi Sta. Tech. Bui. 1. 
>Amer. Jour. Pharm., 1872, p. 287. 
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Fertilizing conatituenta of cotton atema. 



Ko. 



1 

2 

3 

4 

5 

« 

7 

8 

9 

10 

11 

12 

13 

14 



Collected July 2.. 
Collected July 12. 
CoUectedJnly22. 
Collected Ang. 1. . 
CollectedAug.il. 
Collecte<lAug.22. 
Collected June 18. 
Collected June 28. 
Collected July 8.. 
Collected July 18. 
Collected July 28. 
Collected Aug. 7. . 
Collected Aug. 17. 
Collected Aug. 28. 



Date of 
analy- 
sis. 



I 



AFater. 



^^^- : gen. 



Phos- 
■ phorio 
' acid. 



Potash. 



Lime, j ^f2|- 
! nesia. 



1890 
1880 
1890 
1890 
1890 
1890 
1891 
1891 
1891 
1891 
1891 
1891 
1891 
1891 



(Minimum. 

20 analyses < Maximum 

( Average . . 



Peret. 
a 10 
a 10 
a 10 
a 10 
a 10 
a 10 
alO 
a 10 
a 10 
a 10 
alO 
a 10 
alO 
alO 

8.41 
11.71 
10.01 



I 



Per et. 
6.63 
5.39 
6.10 
5.41 
3.93 
2.75 
9.64 
6.4-i 
5.31 
5.22 
4.44 
4.27 
4.07 
3.92 

2.34 
9.64 

4.80 



Peret. 
1.66 
1.66 
1.59 
1.60 
1.03 
.96 
3.28 
1.76 
1.78 
1.54 
1.68 
1.63 
1.10 
1 



Per et. 
0.66 
.71 
.51 
.47 
.51 
.26 
1.08 
.76 
.78 
.74 
.88 
.67 
.64 
.49 



Per et. 
1.79 
1.18 
1.49 
1.36 
1 



I 



Per et. 
1.48 
1.28 
1.30 
1.12 
.83 



Per et. 



0.68 
.67 
.63 
.67 
.44 



.68 


.56' 


.31 


3.91 


1.32 


.72 


2.35 


1.13 


.50 


1.93 


.94 


.47 


1.76 


.88 


.47 


1.34 


.85 


.35 


1.25 


.82 


.31 


1.43 


.73 


.22 


1.04 


.83 


.22 



.74 
3.28 
1.46 



.17 ' 


.26 


.50 


.10 


1.08 ! 


3.91 


1.52 


.72 


.59 


1.41 


.97 


.42 



a Assumed. 



The same general tendencies observed in case of the roots are noticed 
here, but the variations are more irregular. 



PROXIMATE CONSTITrENTS. 



The table below gives 15 proximate analyses of the stems. Analyses 
from 1 to 14, inclusive, show the composition of the stem at different 
stages of growth, and Xo. 15 is of fully matured plants. 

Proximate conatituenta of cotton atema. 



Xa 



1 

2 

3 

4 

6 

« 

7 

8 

9 

10 

11 

12 

13 

14 

16 



Collected July 2 .. 
Collected July 12 . 
Collected July 22 . 
Collected Ang. 1 . . 
Collected Aug. 11 . 
Collected Aug. 22. 
Collected June 18 . 
Collected June 28 
Collected July 8.. 
Collected July 18 . 
Collected July 28 . 
Collected Aug. 7. . 
Collected Aug. 17. 
ColleetedAug. 28. 
Matnxe plant 



Date of 

analy- ! Water, 
sis. 



Ash. Protein. ' Fiber. 



Nitrogen- 

free 
extract. 



Fat. 



1890 
1890 
1890 
1890 
1890 
1890 
1891 
1891 
1891 
1891 
1891 
1891 
1891 
1891 
1889 



C Maximum 

16 analyses < Minimum 

C Average . 



Per cent, 
a 10 
a 10 
alO 
a 10 
a 10 
a 10 
a 10 
a 10 
alO 
a 10 
a 10 
alO 
a 10 
alO 
10.06 



Per eenf 
0.63 



5.39 
6.10 
5.41 
3.93 
2.75 
9.64 
0.44 
5.31 
5.22 



44 
27 



4 

4 

4.07 

3.92 

4.09 



10 



9.64 
2.75 
5.23 



Per cent. 

10.40 

10.40 

9.94 

fO. 02 

6.49 

6.04 

20.45 

11.02 

11. 13 

9.60 

10.50 

10.16 

6.87 

6.25 

4.90 

20.45 
4.90 
9.54 



b I 



Per cent 
40.37 
42.81 
41.65 
48.17 
47.36 
49.44 
32.51 
37.56 
34.64 
33.32 
39.95 
36. 61 
42.54 
42.71 
45.16 



Per cent. 
31.04 
30.27 
30.77 
25.89 
30.22 
29.75 
25. 59 
33.27 
36.43 
39.87 
31. 61 
33.15 
34.88 
35. 51 
35.04 



49.44 
32.51 
40.77 




Percent 
1.56 
1.13 
1.54 
1.41) 
2.00 
2.02 
1.81 
1.71 
2.49 
1.99 
3.50 
2.21) 
1.64 
1.61 
.81 



3.50 

.81 

1.83 



a Assumed. 

Thongh it flnctnated; the crude fiber in the steui increased as the plant matured. 
The protem flnctaated, but the tendency was to decrease, and this was very marked 
Jit the later periods of growth, when the bolls were forming. The ether extract 
fluctuated, increasing at the close in 1890 and decreasing at the same period in 1891. 
The carbohydrates remained nearly constant the first year throughout the period of 
growth., "but increased slightly during the latter period as the plant grew older. ^ 
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THE COTTON PLANT. 



LEAVES. 



FERTILIZING CONSTITUENTS. 



The leaves have been found to be a little over 20 per cent of the 
plant. The following table gives 16 analyses of the mineral matter 
of the leaves. Nos. 1 and 2 are from mature plants. Nos. 3 to 16 
are from the same samples reported in previous tables, and show the 
chemical changes taking place in leaves during a part of their period 
of growth : 

Fertilising conatituents of cotton leaves. 




1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 



Leaves of mfttnre plants 
Leaves of mature i>laDta 

Collected July 2 

Collected July 12 

Collected July 22 

Collected Aug. 1 

Collected Aug. II 

Collected A ug. 22 

Collected June 18 

Collected J une 28 

Collected July 8 

Collected July 18 

Collected July 28 

Collected Aug. 7 

Collected Aug. 17.. i 

Collected Aug. 28 



SMiDimum. 
Maximum 
Average.. 



Date of 

analy- 

hIh. 



1889 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1891 
1891 
1891 
1891 
1891 
1891 
1891 
1891 



Water. 



Per et 
9.50 
12. 14 
a 10 
a 10 
a 10 
a 10 
a 10 
a 10 
a 10 
a 10 
a 10 
a 10 
a 10 
a 10 
a 10 
a 10 



9.50 
12.14 
10.10 



Ash. 



I Nitro- 
gen. 



Per et. 

16. 42 
12.05 
13.68 
14.09 
14.99 
15. 32 
12.33 
13. U8 
11.92 
12. 17 
11.38 
11.57 
13.73 
11.86 
11.93 
10.73 



Per et. 
2.87 
2.45 
3.80 
3.92 
3.80 
3.65 
8.21 
8.11 
4.27 
3.87 
3.73 
8.55 
3.53 



PhOB- 

pboric 
acid. 



Per et. 
0.46 

.42 
1.08 
1.06 

.83 
1.03 

.72 
1.21 
1.06 
1.45 
1.54 
1.76 
2.08 
1.69 
1.57 
1.54 



9.33 
17.26 
13.11 






r- 


Pot- 
ash. 


Lime. 
Per et. 


Per et. 


0.83 


7.08 


1.33 


4.10 


2.63 


5.28 


1.58 


5.31 


1.48 


5.63 


1.27 


5.27 


1.21 


4.61 


1.65 


4.66 


2.36 


3.83 


2.54 


3.65 


1.93 


8.68 


2.21 


3.75 


1.99 


4.87 


1.59 


3.89 


1.89 


3.56 


1.72 


3.67 


.83 


2.71 


2.63 


7.08 


1.80 


4.44 



Mag- 
nesia. 



Per et. 

1.26 
.76 

1.26 

1.23 
.99 

1.28 
.98 

1.03 
.66 
.66 
.81 
.77 
.93 
.68 
.60 
.82 

.07 

1.28 

.87 



a Assumed. 

That there is slight decrease of total ash as the period of growth 
advances is indicated, although this is by no means regular. There is 
also a slight though fl&ctuating tendency to a decrease in all of the 
individual fertilizing constituents except phosphoric acid, which shows 
irregular but considerable increase. 



PROXIMATE CONSTITUENTS. 



The table below gives 15 proximate analyses of the leaVes at various 
stages of growth ; they show the chemical changes which take place aa 
the plant advances in maturity. 
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Analysis No. 1 is of the leaves of mature plants, as may be seen by 
the results: , 

Proximate conatituenia of cotton leavea. 




Date of 

analj'- 

Hia. 



1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

U 

12 

13 

14 

IJ 



From mature plants 
Collected Jnly 2 .... 
Collected Jnly 12... 
Collected July 22... 

Collected Aag. 1 

CollectedAag.il... 
Collected Aag. 22... 
CollfMsted Juue 18. . . 
Collected June 28... 
Collected July 8.... 
Collected July 18... 
Collected July 28 . . . 

Collected Aug. 7 

Collected Aug. 17.. . 
Collected Aug. 28. . . 



1889 
1890 
I8!M) 
1890 
1890 
1890 
1»K) 
1891 
1891 
1891 
18:n 
1891 
I8in 
1801 
1891 



Water. 



i Maximum 
Minimum. 
Average . . 



Per cent. 

10.82 
a 10 
a 10 

10 

10 

10 

10 

10 

10 
alO 
a\% 
a 10 
a 10 
a 10 
a 10 



a 
a 
a 
a 
a 
a 









Nitrogexi- 


Ash. 


Protein. 


Fiber. 


ftroe 
extract. 


• 
1 Per cent. 


Per cent. 


Per cent. 


Per cent. 


14.24 


15.06 


10.04 


43.82 


13.68 


23. 76 


13.69 


34.51 


14.09 


24.53 


13.19 


33.89 


14.99 


23.77 


11.74 


34.64 


15.32 


22.84 


16.73 


29.72 


12.33 


20.08 


18.15 


35.13 


13. (»8 


19.46 


13.04 


37.37 


11.92 


26.64 


11.15 


36.32 


12.17 


24.19 


11.45 


37.10 


11.39 


23.29 


11.39 


37.04 


1 11. 57 


22.17 


12.51 


37.64 


i 13. 73 


22.06 


11.29 


35.14 


11. 86 


20.94 


12.79 


37.93 


11.93 


18.98 


11.93 


38.52 


10.73 


16.74 


9.50. 


44.16 


15.32 


26.64 


18.15 


44.16 


10.73 


15.06 


9.50 


29.72 


12.87 


21.64 


12.57 


36.82 



Fat. 



Peret. 
6.52 
4.36 
4.30 
4.86 
6.39 
4.31 
7.05 
3.97 
5.00 
6.89 
6.21 
7.78 
6.48 
8.64 
■ 8.87 

8.87 
3.97 
6.05 



a AHsumed. 

The proportionof crude fiber in the leaves was small throughout the entire periods 
of growth, though it fluctuated both seasons; it fell off rapidly at the last period 
both years. The protein was very high in the leaves, but continually became less as 
the plant matured. The ether extract increased during the last stages of growth, but 
fluctuated and was usually higher in 1891. and the same is true of the carbohydrates.^ 

BOLLS. 

FERTILIZING CONSTITUENTS. 

The table below shows analyses of the mineral matter of 6 samples 
of bolls containing lint and seed and of 3 sam])les of empty bolls. The 
latter constitute about 14 per cent of the entire plant: 

Fertilizing conatituentft of cotton bolls. 



Na 



1 
2 
3 

4 
5 
6 



7 
8 
9 



Bolls oolleeted Jaly 22. 
Bolls colleoted Aug. 1 . 
Bolls oolleeted Aag. 11 
Bolls colleoted Aug. 22 
Bolls collected Aug. 7 . 
Bolls collected Aug. 17 



Date of I 
analy- 
sis. 



Water. 



AhIi. 



Nitro- 
gen. 



1890 
189U 
1890 
1890 
1891 
1891 



Per et. 
a 10 
a 10 
a 10 
a 10 
a 10 
a 10 



riios- j 

phoric Potash.' Lime, 
acid. I 



Per et. 
0.74 
.01 
.41 
.51 
.43 



Average. 



Emptybnrs 1874 

do 1889 

do 1890 



9.47 
14.36 



Per ct. 


Per ct. 


Per ct. 


Per ct. 


6.02 


3.11 


1.13 


2.08 


5.71 


2.99 


1.08 


2.14 


5.2.5 


2.53 


1.04 


2.09 


5.11 


3. 03 


.98 


1.93 


3.87 


1.87 


.82 


1.41 


3.43 


1.70 


.71 


1.21 


4.90 


2.54 


.96 


1.81 










12.96 


1.03 


.89 


1.85 


7.65 


I 36 


.40 


2.90 


7.03 


.87 


.17 


3.23 



.37 



Mag- 
nesia. 



Per ct. 
0.44 
.45 
.40 
.41 
.38 
.35 



Ayenge. 



11.92 



9.21 



1.08 



.48 



2.66 



.51 


.40 


3.54 

1.09 

.77 


.79 
.29 
.21 


1.80 


.43 



a Assumed. 



The analyses here, as in previous cases, seem to indicate a decrease in 
fertilizing constituents as the period of growth advances. 



^ Mississixipi Sta. Tech., Bui. 1. 
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THE COTTON PLANT. 



PROXIMATE CONSTITUENTS. 

HntchiDson and Patterson have reported 6^ proximate analyses of this 
product, as shown in the following table. Analysis No. 4 is of nearly 
mature bolls. The others are presumably of immature bolls in which 
the seed and lint are undeveloped. 

Analyses at different stages*of growth during two years are given to 
show the development of the plant : 

Proximate con8iituent8 of cotton bolls. 



1 


Date of 










Xitrogen- 




ISo. 




analy- 
sis. 


Water. 


Asb. 


Protein. 


Fiber. 
Per cent. 


ftree 
extract. 


Fat. 








Per cent. 


Per cent. 


Per cent. 


Per cent. 


Percent 


1 


Bolls collecte<l July 22 


1890 


a 10 


6.02 


19.48 


14.92 


46.82 


2.73 


2 


Bolls collected Aug. 1 


1890 


a 10 


5.71 


18.66 


23 


38 78 


3.85 


3 


Bolls collected Aug. 11 


1890 


ft !0 


5.25 


15.83 


29.73 


35.65 


3.54 


4 Bolls collected Aug. 22 


1890 


a 10 


5.11 


18.98 


30.36 


26.85 


8.70 


5 ' Bolla collected Aug. 7 


1891 


a 10 


3.87 


11.73 


7.04 


64.60 


2.76 


6 Bolls collected Aug. 17 


1891 


a 10 


3.43 
6.02 


10.65 


13.27 


59.78 


2.87 


rMaximum 




19.48 


30.36 


64.60 


8.70 




6 analvses .< Minimum 






3.43 
4.90 


10.65 
15.89 


7.04 
19.72 


26.85 
45.42 


2.73 




( Averaire 




10 


4.07 




EmDtv burs - 






11.92 


7.34 


6.96 


32.50 


89.90 


1.38 






1 





a Assumed. 

The crude fiber in the boll8 increased very rapidly as they matured, thongh it was 
much higher during the first Heason. The protein, which fluctuated very little dur- 
ing the first year, was very much higher than it was the second year, and in the last 
season there was a decline during the last period. The ether extract, which was 
very constant in quantity during the earlier periods of development of the bolls, 
increased greatly during the last period in 1890, when all the bolls were nearly 
matured. The carbohydrates, which were very much higher during the last year, 
decreased rapidly as the bolls matured.^ 

LINT. 



FERTILIZING CONSTITUENTS. 



Lint constitutes 10.56 per cent of the mature plant. A number of 
analyses with reference to fertilizing constituents have been made of 
this material, the results of which are embodied in the following table: 



JSo. 



1 
2 
3 
4 

5 
6 

7 

8 

9 

10 



Kind of lint. 



Fertilizing conatituenta of cotton lint. 
Water. 



Sea iBlandi 
Upland — 
do 



do 

Sea Island. 
do 



Short -staple. 

Upland 

do 

do 



{Minimum 
Maximum 
Average . 



Date of 
analy- 
sis. 



1874 
1857 
1857 
1857 
1857 
1857 
1874 
1889 
1890 



Per el. 



4.72 



6.72 
6.77 



4.72 
6.77 
6.07 



Ash. 



Peret. 
1 

1.14 
.93 
1.25 
1.31 
1.50 
1.50 
1.75 
1.50 
1.80 



.93 
1.80 
1.37 



Nitro- 
gen. 



Per ct. 



0.54 
.28 
.20 



Phos- 
phoric 
acid. 



Per ct. 
0.09 
.04 
.11 
.07 
.16 
.17 
.06 
.18 
.07 
.05 



.20 
.54 
.34 



05 
18 
10 



Potash. 



Per et. 
0.48 
.47 
.28 
.44 
.28 
.36 
.44 
.37 
.64 
.85 



28 
,85 
,46 



Lime. 



Perct, 
0.11 
.07 
.16 
.21 
.18 
.26 
.11 
.48 
.16 
.16 



.07 
.48 
.19 



Mae. 
nesia. 



Peret. 
0.03 
.10 
.08 
.12 
.06 
.02 
.03 
.17 
.11 
.16 



.02 
.17 

.oe 



^ MisslBsippi Sta. Tech. BoL 1. 
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This table makes it clear that if the lint were the only jiart of the 
plant removed from the land on which it is grown, cotton wonld be one 
of the least exhaustive of farm crops. The only other part which need 
be permanently lost to the soil is the oil, which also contains very 
small amounts of fertilizing constituents. 

Bowman has reported* that associated with cotton fiber *^ there are 
small quantities of nitrogen, on the average about 0.0^45 per cent, but 
differing in different varieties of cotton. The nitrogen appears to form 
part of the albuminous matter which was found by ^hunck to be con- 
tained in the fiber [see p. 92], * * * In some cases it may also 
arise irom or be increased by the existence of small quantities of nitrates 
associated with other mineral constituents."- 

According to Calvert, ' cotton samples from different countries con- 
tain the following i>erceutage3 of phosphoric acid soluble in water : 
Egypt, 0.055; New Orleans, 0.049; Bengal, 0.055; Surat, 0.027; Car- 
thagena, 0.a35 to 0.050, and Cyprus, 0.050.* 

PROXIMATE CONSTITUENTS. 

The proximate constituents of cotton lint were found by an analysis 
made at the Tennessee Station to be as follows: Water, 0.74 i>er cent; 
ash, 1.05; protein, 1.5; fiber, 83.71; nitrogen-free extract, 5.79, and fat, 
0.61, showing that in its crude state, at least, it is far from being the 
pure cellulose it is often stated to be, a fact abundantly proven by the 
investigations reviewed on the following pages. 

MISCELLANEOUS CHEMICAL STUDIES OF COTTON FIBER. 

Structure of cotton fiber. — O'Neill,^ by treating cotton fiber with 
Schweitzer's peagent, succeeded in separating four different constitu- 
ents: (1) The outside membrane, which did not dissolve in the reagent; 
(2) the real cellulose beneath, which dissolved, first swelling enor- 
mously and dilating the outside membrane: (3) spiral fibers appar- 
ently situated in or close to the outside membrane, not readily soluble 
in the copper solution, and (4) an insoluble substance occupying the 
cone of the cotton hair. He also made a study of the substance found 
associated with the cellulose sheath in cotton fiber, to which Schunck 
has given the name of cotton wax.^ The composition of this wax 
appears to differ slightly with the different kinds of cotton, but an 
average analysis of wax from American fiber is reported as follows: 
Carbon 80.38 per cent, hydrogen 1 4.51 per cent, and oxygen 5.11 per cent. 

* Structure of the Cotton Fibre, p. 70. 

*The figure here given for nitrogen by Bowman, it will be noticed, is much lower 
than that given in the table above; so much so that it appears possible that his 
decimal point may be in the wrong place. 

»Compt. Rend., Go (1867), p. 1150; Jour, prakt. Chem., 1869, II, p. 122. 

^For detailed analyses of the ash of cleaned and uncleaned Sea Island cotton, by 
Ure, see F. H. Bowman, Structure of the Cotton Fibre, 1882, p. 67. 

* Calico Printing, Bleaching, and Dyeing, Vol. II, p. 2 ; F. H. Bowman, Structure 6f 
the Cotton Fibre, 1882, p. 50. 

^Mem. Manchester Lit. and Phil. Soc, Vol. IV, 3d ser., p. 95. 
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The wax fuses at I86.80 F. and solidifies at 179.6o F. The wax from 
Dhollerah cotton differs from that derived from the American fiber in 
that it does not solidify until it has reached a temperature of 177.8o F. 
"Along with this wax is also a fatty acid, which is white and solid, and 
which by analysis has been proven to be identical with margaric acid.'^ 

E. Schuuck^ has shown by careful investigation that cotton, instead 
of being a pure cellulose, "contains a number of other ingredients, 
some of which occur so constantly that they may be considered essen- 
tial constituents of cotton viewed as a vegetable product," and which 
may amount to 13 per cent or even more. This fact had previously been 
pointed out by Persoz,^who states that the fiber of cotton, hemp, linen, 
etc., contains (1) a certain quantity of coloring matter, (2) a peculiar 
resin insoluble in water and soluble with difficulty in alkalies, (3) a 
small quantity of fatty matter, and (4) inorganic saline matters. 
Schunck succeeded in separating the following substances: (1) A 
species of vegetable wax, (2) a fatty acid, (3) two kinds of coloring 
matter, (4) peptic acid, and (5) a trace of albuminous matter. 

Of the two coloring matters which Schunck '»uccee(led in separating from Nan- 
kin cotton, one was easily solnble in alcohol and was obtained on evaporating the 
solution as a dark-brown, shiny, transparent residue ; the other was almost insoluble 
in cold alcohol, but dissolved in boiling alcohol, and was deposited on the solution 
cooling, in the form of a light-brown powder. Their properties are in general the 
same as those of the analogous coloring matters from ordinary cotton. Their com' 
position was as follows : 



C. 
H. 

K. 
O. 



A. 

Coloring 

matter sola* 

ble in cold 

alcohol. 



B. 
Coloring 
matter insolu- 
ble In cold 
alcohoL 



Per cent. 

58.22 
5.42 
3.73 

32.63 



Per cent. 

57.70 
5.60 
4.09 

31.71 



Total 



100 



100 



The composition of the analogous coloring matters from American cotton, accord- 
ing to previous determinations, was as follows : 





A. 


B. 





Per cent. 

58.42 
5.85 
5.26 

80.47 


Per cent. 

58.36 
5.71 
7.60 

28.33 


H 


N 





Total 


100 


100 





The difference in composition, in the first case at least, is not greater than may be 
expected with substances of the purity of which, in consequence of their not occur- 
ring in a crystallized state, one can never be perfectly sure. On the whole, I think 
these experiments justify the conclusion at which I have arrived, viz, that the color 
of Nankin cotton is due to the presence of bodies which are very similar to, if not 

iChem. News (Amer. ed.), 2 (1868), p. 232. 
^ Traits de Tlmpression des TIssha. 
» Chem. News, 29 (1874), p. 5. 
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identical with, those which canse the mnch fainter tints of the ordinary kinds. 
They show, too, that the substances accompanying the cellnlose (whether clothing 
the fibers or contained in their interior) are the same with this variety of cotton as 
with all those previously examined. 

Water content of cotton fiber, — F. H. Bowman^ states that the quan- 
tity of water in cotton fibers '^varies with different seasons from 1 to 
about 4 per cent in the new crop, and rather less as the season advances. 
Above 2 i)er cent of moisture, however, seems to be an excessive quan- 
tity even in a new crop cotton, and when jnore than this is present it is 
either the result of a wet season and the cotton has been packed before 
drying, or else it has been artificially added." 

In testing the quantity of so-called water of hydration, the author 
found that on heating to 212^ F. samples of cotton lost from 5 to 7 i)er 
cent in weight, "and when they were replaced in the same room for 
some days they gradually regained all the weight they had lost." 

Sand and mineral matter in different cleLSses of cotton fibei', — Ure 
reports determinations of the amount of sand and mineral matter in 
12 different classes of cotton. *'The samples were taken out of bales 
upon their arrival in Liverpool." The results varied from 1.15 (rough 
Peruvian) to 6.22 (DhoUerah) per cent, with an average of 2.51 per cent, 
the American cotton containing 1,52 per cent of mineral matter. 

As a rule, it may be taken foi; granted that an excess of ash much 
above 1 per cent arises from the presence of impurities. 

SEED. 

Sea Island and Egyptian seeds are both entirely freed from lint by 
ginning, but with upland cotton seed the lint still adhering to the seed 
after it has passed through the gin amounts to about 10 per cent of 
the total weight of the seed. 

According to the Tenth Census, the ginned seed yields at the oil mills 
the following products : 

Kernels, 50 per cent, yielding — Per cent. 

Oil 25 

Meal : 75 

100 

HaUs, 50 per cent, yielding — 

Linters 2.2 

Hulls 97.8 

100 

In the whole seed : 

Meal 37.5 

Oil 12.5 

Hulls 48.9 

Linters 1.1 

100 
» Structure of the Cotton Fibre, 1882, p. 62. 
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While the figures in these tables indicate how the seed was divided 
by the oil mills at the time that the data were collected, they do not 
represent the actual weights of the different parts of the seed. The 
lint, as we have stated, was found at the South Carolina Station to be 
10 per cent by weight of the ginned seed. The North Carolina Station * 
found from a number of tests that the proportion of hulls to kernels 
was as follows: Hulls, 49.9 per cent; kernels, 50.1 per cent. The 
Texas Station^ found the proportion as follows: Hulls, 45.2 per cent; 
kernels, 54.8. J. H. Cooper reports:^ Hulls, 42,25; kernels, 67,7. 
Adriane* states that Egyptian seed shows 37.45 per cent hulls to 62.55 
per cent kernels. These figures are in each case the averages of a 
number of teats where the kernels and hulls were carefully separated 
by hand, and in each case the lint is included with the hulls. By 
averaging these results we obtain the following table, which represents 
very nearly the actual weights of the different parts of the seed : 

Kernels, 54.22 per cent, yielding — Per cent. 

Oil 36.88 

Meal 63.12 

"lOO 



Hulls, 45.78 per cent, yielding — 

Linters 27.95 

Hulls 72.05 



In the whole seed : 

Meal 34.22 

Oil ; 20 

Hulls 35.78 

Linters 10 



100 

FERTILIZING CONSTITUENTS. 

The seed constitutes 23 per cent of the weight of the entire plant. 
The following table gives a summary of the results of 15 analyses of 
this part of the plant Avith reference to fertilizing constituents: 

Fertilizing constituents of cotton seed. 



g©n. 



ter. 



Pot. 



Phoa- 
phoric „„T, 
acid. »»^- 

I 



Soda. 



Minimum ...I 7.04 

Maximum : 9.51 

Average I 8. 42 



Per ct.^ Per ct Per ct Peret. Perct Perct. Peret 



Lime. 



2.80 
4.96 
3.78 



1.9G 
5.17 
3.13 



0.76 
1.77 
l.?7 



0.73 
1.63 
1.17 



0.02 
.50 
.20 



O.ll 

1.15 

.25 



Majg- 
neaia. 



Perct 

0.40 

.79 

.55 



Snl. 

phu- 

rio 

acid. 



Perct. 
0.01 
.27 
.12 



Fer- 
ric 
oxid. 



Peret 

0.02 

.13 

.07 



Chlo- 
rin. 



Insol- 
uble 
mat- 
ter. 



Peret. Peret 



0.02 
.18 
.05 



0.01 
.12 
.06 



» North Carolina Sta. Rpt. 1882, p. 93. 
2Texas Sta. Bui. 2. 



3 Southern Cultivator, Vol. Ill, p. 111. 
^Chem. News, Jan., 1865. 
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PROXIMATE COX8TITUENTS. 



In the following table is given a summary of the results of 25 proxi- 
mate anaylses of the whole cotton seed, together with similar sum- 
maries by Dietrich and Konig, Wolflf, and Kiihn : 

« Proximate conatituenia of cotton aeed. 



Dietrich and Konig* s Hummary : 

Minimum 

Maximum 

Average (8 analyses) 

Wolft's average 

Kiihn's summary: 

Minimum 

Maximum 

Average 

Summary of all analyses: 

Minimum 

Maximum 

Average (25 analyses) 



Water. 



Per cent. 

8 
11.42 

9.76 
11.40 

7.70 
8.90 
8.10 

8 

17.51 
9.02 



Ash. 



Per cent. 
2.89 
8 

4.86 
4.30 



7.50 

2.89 

8 

4.74 







Nitrogen- 


Protein. 


Fiber. 


free 
extract. 


Per cent. 


Per cent. 


Percent. 


13.62 


18.93 


7.58 


29.70 


32.40 


36.70 


19.56 


23.46 


22.45 


19.90 


18.90 


20.20 


22.75 


16 


7.60 


22.80 


24.70 


15.40 


22.80 


20.30 


11.50 


13.02 


17.60 


7.58 


29.70 


32.40 


36.70 


19.38 


22.67 


23.94 



Fat. 



Per cent. 
10.40 
29.34 
19.91 
25.30 

29.30 
30.30 
29.80 

10.40 
29. 34 
19.45 



MISCELLANEOUS CHEMICAL STUDIES. 

Proteids of cotton seed. — T. B. Osborne and G. L, Voorhees have 
reported^ an exhaustive study of these substances. The cotton seed 
used was freed of the husk and the fat removed with benzin. It was 
then extracted with water, with 10 and 20 per cent sodium chlorid 
solution and with 0.2 per cent potash water. The results were not 
altogether satisfactory to the authors, unusual difficulties being encoun- 
tered in filtering the extracts and in separating the coloring matters. 
With brine a globulin was extracted agreeing in composition and in 
general properties with the vitellin obtained from the seeds of wheat, 
maize, hemp, castor bean, squash, and flax, to which the name edestin 
is given. The largest amount of this found in the oil-free meal was 
15.83 x>er cent, and it contained 42.3 per cent of the total nitrogen in 
the meal. 

The proteid matter dissolved by water consisted almost wholly of 
proteose, amounting to about 0.75 per cent of the oil-free meal. The 
potash extract contained so much gummy matter that it was filtered 
with difficulty, and no preparation was made. The nitrogen in the 
extract represented 44.3 per cent of the total amount in the meal. The 
residue from the extraction with potash water contained nitrogen 
equivalent to 11.4 per cent of the total amount in the meal. 

Sugar in cotton seed. — The investigations of Eitthausen ^ and Bohm^ 
showed the presence in cotton seed of considerable amounts of sugar. 
By extraction of fine-ground cotton- seed cake with warm 80 per cent 



^ Connecticut State Sta. Rpt. 1893, pp. 211-217. 
2 Jour. prak. Chem., 29 (1884), p. 351. 

^Sitzber. Ges. Beford. ges. Naturwissensch., Marburg, 1883, No. 1, p. 24; Jour, 
prak. Chem., 30 (1884), p. 37. 
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alcohol, the former obtained about 3 per cent of crystallizable material. 
A study of the physical and chemical properties of this substance led 
to the conclusion that it was identical with the melitose of Berthelot/ 
a stibstance which had hitherto been obtained only from eucalyptus 
manna.^ Bohin proposed the name gossypose for the cotton-seed 
sugar, and both he and Eitthausen evidently consi4^red it a simple 
and definite compound. 

More recent investigations, however, by Berthelot^ have tended to 
show that the melitose of both eucalyptus manna and ot cotton seed is 
a combination* of rafl&nose and an amorphous unfermentable substance 
to which Berthelot gave the name eucalyn. These conclusions regard- 
ing the compound nature of melitose have been confirmed by the 
investigations of Tollens and Eischbiet."^ 

Nitrogen hoses of cotton seed. — In further investigations of the con- 
stituents of cotton seed, Eitthausen and F. Weger'^ found that "the 
mother liquid of melitose from cotton seed dissolved in 90 per cent 
spirits gave on the addition of PtCU a crystalline precipitate," which 
was found to be a compound of betain, but it appears doubtful whether 
betain '^ exists as such in the seed, or whether it is created by the 
decomposing influences of acids during the different evaporations." 
Cholin was also obtained from cotton seed by Bohm.^ 

M. Maxwell,^ in continuation of work by Bohm on cholin, of Eitt- 
hausen and Weger on betain, and of Gaehtgens on the toxic properties 
of neurin,^ undertook to determine the extent t » which cholin and 
betain are present in cotton seed or cotton-seed meal. In a sample of 
cotton-seed meal he found the following relative proportions: Cholin, 
17.5 per cent; betain, 82,5 per cent. The behavior of these* substances 
toward different chemical reagents is described. 

COTTON-SEED PRODUCTS. 

Cotton seed furnishes a variety of valuable commercial products. 
The following diagram (p. 97), prepared by Grimshaw*^ on the basis 
of the actual results at oil mills, indicates how a ton of cotton seed is 
utilized. 

» Ann. Chim. et Phys., ser. 3, 46 (1856), p. 66. 

2See Thomson, Organic Chemistry of Vegetables, 1842; Mudie, Jour. Pharm., ser. 
2, 18 (1832), p. 705; F. von Miiller, Eucalyptographia, London and Melbourne, 1885, 
JOtU decade. Eucalyptus viminalis; and especially Johnston, Lond. Ebinb. and 
Dubl. Phil. Mag., 23 (1843), p. 14; Jour. prak. Chem., 29 (1843), p. 485. 

• Compt. Rend., 103*(1886), p. 533. 

-•Scheibler, in Ber. deut. chem. Ges., 22 (1889), p. 3121, states that the so-called 
eucalyn is merely an impurity and inversion product. 

^Liebig's Ann., 232 (1885), pp. 169, 172; Ber. deut. chem. Ges., 18 (1885), p. 26. 

ejour. prakt. Chem., 30 (1884), p. 32. 

7 Address before the Scientific Society of Marburg, 1881. 

8Amer. Chem. Jour., 13 (1891), p. 469. 

sDorpat. med. Ztschr., 1 (1870), p. 161. 

»o Jour. Frank. Inst., 1889, p. 191. 
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Products from a ton of cotton seed. 
Cotton seed, 2,000 poands. 



Meats, 1,089 ponnds. 



Linters, 20 pounds. 



Hulls. 891 pound-s. 



Cake, 800 poands. 



Meal. 



(Feeding stuff. Fertilizer.) 

Crude ojil, 289 poands. 



Fiber. 







Summer yellow. 


("Winter yellow 


Cotton-seed stearin.) 


Salad oil. 


Summer white. 


Lard. 




Cottolene. 




Miners' oi 


1. 




Soap. 





Soap stock. 



(High-grade paper.) 



Fuel. 



Bran. 



(Cattle food.) 



Soaps. 



Ashes. 



Fertilizer. 



The above diagram was prepared several years ago. Eeoently the 
processes of manufacture have been so improved that over 300 pounds 
(40 to 45 gallons) of oil can be obtained from each ton of seed, and 
delinting machines have been introduced which remove a much larger 
amount of linters than is given in this diagram, the proportion of hulls 
being correspondingly reduced. ■ 



COTTON-SEED HULLS. 

Cotton-seed hulls, as we have already seen, constitute 45.78 per cent 
by weight of the ginned seed. They constitute the hard, outer cover- 
ing of the seed and are composed principally of woody matter arranged, 
according to Gebek,^ in five layers of cells. Gebek gives a description of 
the appearance of a section of cotton-seed hull under the microscope, 
and refers to a detailed discussion of this material by Bretfeld.^ 

The table of analyses on page 98 shows that the hulls are principally 
crude fiber and nitrogen-free extract, these with water constituting 
more than 90 per cent of the entire substance. 

Fertilizing constitttents. — In the next table will be found a summary 
of the results of 8 analyses of the mineral matter of cotton-seed hulls. 

iLandw. Vers. Stat., 42 (1893), p. 279. 
2 Jour. Landw., 1887, p. 29. 

1993— No. 33 7 
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Fertilizing constituents of cotton-seed hulls. 



"Water. A»h. 



Nitro- 
gen. 



I 



PllOH- 

phoric 
acid. 



Pot- 
rhIi. 



I 
Soda. Lime, i 



Mag- 
nesia. 



?^^". Ferric 
acid. "^'^- 



Minimum 
Maximum 
Average . 



Per et. 

8.76 

11.45 

10.17 



Per ct. 

2.07 
2.99 
2.40 



Per ct. Per ct. 

0.35 i 0.09 

.96 1 .56 

.69 .25 



Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 



0. 


36 


0.01 


1. 


32 


.02 


1. 


02 


.02 









0.13 

1.09 

.18 



0.16 
.35 
.26 



0.08 
.09 
.08 



0. 02 
.04 
.03 



Insol- 
uble 
mat- 
ter. 



Pr.ct. 

I 0.01 

.11 

, .05 



Cotton hull ashes, — The (50ttoii-see<i oil mills have in the past largely 
used the hulls for fuel, the ashes thus produced havin|2^ been exten- 
sively used as a fertilizer. 

The quality of these ashes varies greatly on account of impurities 
introduced, i)rincipally by the use of other fuel with the hulls. The table 
below gives the minimum, maximum, and average composition of cot- 
ton-hull ashes compiled from 185 analyses : 



Minimum . 
Maximum. 
Average .. 



Fertilizing constituents in cotton-hull ashes. 



Phos- ' 

pboric j 

acid. I 




Pot- 
ash. 



Soda. 



Lime 



Per ct. Per ct. 

7.02 I 1.30 

44. 72 < 3. 86 

23. 40 I 2. 58 



Per ct. 

0.86 

I 19.35 

; 8.85 



'»««^- : acid. I *»'^*'^- acid. 

! • I 




Chlo- 
rin. 



Per ct. 

9.56 

11.59 

10.57 



Per ct. 
0.21 
3 
1.60 



I 



Insol- 
uble 
mat- 
ter. 

Pr.ct. 

0.96 

43.30 

14.04 



Proximate constituentH, — In the following table will be found a sum- 
mary of the results of 22 x)roximate analyses of the hulls: 



Proximate constituents of cotton hulls. 





Water. 


Asb. 


Protein. 


Fiber. 


Nitrogen- 
free 
extract. 


Minimum 


Per cent. 

7.25 

16.73 

11.36 


Per cent. 
1.65 
4.43 
2.73 


Per cent. 
2.78 
5.37 
4.18 


Per cent. 
85.75 
66.95 
45.32 


Per cent. 
12. 41 
4L24 
34.19 


Maximum 


A veratre 





Fat. 



Per cent. 
0.75 
5.41 
2.22 



COTTON-SEED BRAX AND COTTON-SEED FEED. 

Cotton- seed bran and cotton- seed feed are products very similar to 
cotton-seed hulls. In fact, cotton-seed feed is a mixture of cotton-seed 
hulls and cotton-seed meal ground together. Cotton-seed bran usually 
consists of ground hulls, together with an admixture of meats derived 
for tlie most part from the waste of cotton-seed oil mills, the waste con- 
sisting principally of immature or frosted seed. 
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The following table gives a summary of the results of 8 proximate 
analyses of these two products grouped together: 

Proximate conatituenta of cotton-seed bran and feed. 



Minimum 
Maximum 
Average.. 



Water. 



Ash. 



Per cent. I Per cent. 

8. 86 I 2. 18 

13. Oi I 4. 92 

11.66 1 3.06 



Protein. 



Per cent. 

6.37 

24.13 

12.01 



Fiber. 



Per cent. 
21.39 
43.28 
30.99 



Nitrogen- 
free 
extract. 



Per. cent. 
30.67 
47.33 
39. 22 



Fat. 



Per cent. 
1.33 
5.47 
3.06 



COTTON-SEED KERNELS. 

By cotton-seed kernels we mean the inner portion of the seed, vari- 
ously called kernels, meats, hulled seed, or peeled seed. 

Fertilizing constituents, — There are apparently but few analyses of the 
mineral constituents of the kernels. Calvert^ reports a partial analy- 
sis. One hundred parts of the kernels gave 3.52 per cent of ash, 
containing — 

Per cent. 

Phosphate of magnesia 0. 652 

Phosphate of iron 053 

Alkaline phosphate 387 

Other salts 2.428 

The author states that the kernels contain phosphoric acid in both 
the soluble and insoluble forms. 

The Xorth Carolina Station has reported^ a more complete analysis 
of the mineral constituents of the kernels, as follows: 

Fertilizing conatituenta in cotton-aeed kemela. 

Per cent. 

Moisture 6.27 

Crude ash 4.03 

Nitrogen 4. 98 

Phosphoric acid 1.73 

Potash 1.14 

Lime 16 

Magnesia 78 

Ferric oxid 03 

Sulphuric acid 12 

Chlorin 01 

Silicic acid 05 

These two analyses apparently constitute the analytical data for 
mineral matter of cotton- seed kernels. 

'Compt. Rend., 65 (1867), p. 1150; Jour, prakt. Chem., 1869, II, p. 122. 
2 North Carolina Sta. Rpt. 1882, p. 97. 
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Froximate constituents, — The table below gives the results of 7 prox- 
imate analyses of this product: 

Proximate constituents of cotton-seed kernels. 



No. 



1 
2 
3 
4 



5 
6 

7 



Character of seed nnknown . 

Egyptian seed 

American seed 

Egyptian seed 



Average 



Character of seed unknown. 

Kernels of cotton seed 

Kernels of cotton seed 



(Minimum. 

7 analyses < Maximum 

(Average.. 



Date of 
analy- 
sis. 



1856 
1870 
1870 



1870 
1882 
1889 



Water. 



Per cent. 
6.57 
7.54 
8.12 
7.90 



7.53 



6.14 
6.27 
6^04 



6.04 
8.12 
6.94 



Ash. 



Per cent. 
8.91 
8.60 
9.44 
5.00 



7.99 



7.02 
4.03 
5.41 



4.03 
9.44 
6.92 



Protein. 



Per cent. 
31. 86 
27.20 
28.12 
29.40 



29.14 



33.57 
29. 25 
33.06 



27.20 
33.57 
30.35 



Nitrogen 
Fiber. | free - 
extract. 



Per cent. Per cent. 
7.30 I 14.82 

32.71 

33.74 
1.90 I 17.96 



4.68 



7.16 
4.38 
3.09 



1.90 
7.30 
4.76 



26.33 



9.11 
19.52 
15.81 



9.11 
19.52 
21.39 



Fat. 



Per ct. 
31.28 
23.95 
20.58 
37.84 



24.33 

37. 00 
36.55 
36.59 



20.58 
37.84 
29.64 



COTTON-SEED CAKE. 



Reiiouard ^ states that in 1881 three kinds of cotton- seed cake were 
recognized in France: (1) Linty {cotonneaux), (2) crude (brut), and 
(3) refined (4pure), 

The linty cake, so called because it contains much waste cotton, is 
used only for manure. Its color is dark brown. The better grades of 
this cake are distinguished as cotton from Catania, the poorer kinds 
as cotton from Syria. The average composition of these is as follows : 

Composition of Catanian and Syrian cotton cake. 



Water 

Oil 

Organic matter . 
Ash 

Nitrogen 

Phospnoric acid 



Catanian. 



Per cent. 

8.40 

5.20 

79. tl 

6.59 



100 
3.23 
2.02 



Syrian. 



Per cent. 

7.40 

6.92 

80. 33 

5.28 



lOll 
2.86 
1.12 



The crude cake possesses, when fresh, a greenish color, which on 
storage passes over to a brown. It contains large quantities of hard, 
black fragments of the hulls. Its nitrogen content is higher than that 
of the linty variety. It is used exclusively as a cattle food. In trade 
it is usually distinguished as cotton from the Levant or Alexandria. 
Its composition is as follows: Water, 10.98 per centj oil, 6.09; organic 
substance, 77.03; ash, G; nitrogen, 4.03, and phosphoric acid, 2.07. 

The refined cotton seed cake, manufactured chiefly in Marseilles, is 
distinguished from the former kinds by its lack of coarse fragments of 



^ Ann. Agron., 7 (1881), p. 511. 
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hulls. It is of a yellowish color, broken by numerous dark streaks. 
It contains water, 11.26 per cent; oil, 4.80; organic substance^ 78.76; 
ash, 5.28; nitrogen, 4.43; and phosphoric acid, 1.96. 

In this country only two kinds of cake are recognized — (1) undecorti- 
cated cotton- seed cake, made from the whole seed without removal of 
the hull, and (2) decorticated cotton-seed cake, which is simply the 
unground cake from the manufacture of cotton oil. The former is not 
manufactured to any extent in this country at the x)resent time. 

Undecorticated cotton-seed cake, — The maximum, minimum, and aver- 
age proximate composition of undecorticated cake, compiled from all 
available analyses, is shown in the following table, together with the 
summaries published by Dietrich and Konig, Wolff, and Kiihn : 

Proximate composition of undecorticated cotton-seed cake. 



Dietrich and Konig's summary (46 an 
alysea) : 

Minimum 

Maximum 

ATerage 

Wollfs summary : 

Cotton-seed meal 

Cotton-seed meal, cleaned 

Kiilin's summary : 

Minimum 

Maximum 

Average 

Summary of all analyses (62) : 

Minimum 

Maximum 

Average 



Water. 


Per cent. 


7.55 


14. 50 


11.86 


10.60 


9.80 


6.60 


14.20 


10 


7.55 


14.50 


11.64 



Asb. 



Per cent. 
5.03 
12.51 
6.38 



7.20 
6.80 



6.80 

4.33 

12. 51 

6.26 



Protein. 


Fiber. 


Nitrogen- 
free 
extract. 

Pkr cent. 
24.20 
56.78 
30.74 


Per cent. 
13.70 
33.69 
24.25 


Per cent. 

5.29 

25.59 

20.95 


24.70 
28.30 


24.90 
18.40 


26 
29 


18.20 
28.30 
23.50 


17 
27 
21.10 


26.50 
36.70 
82 


13.70 
33.69 
24.08 


5.29 
27.17 
20.68 


24.20 
56.78 
31.43 



Fat. 



Per cent. 
3.46 
9.02 
5.82 



6.60 
7.70 

5.10 
9.80 
6.60 

3.20 
9.02 
5.91 



Decorticated cotton-seed cake, — This product in the form of cake finds 
its principal uses in Eugland or on the continent of Europe, very little 
being used in America, where it is always ground to cotton- seed meal. 
In composition it is, of course, practically the same as cotton-seed 
meal. 

The maximum, minimum, and* average composition of this material 
is given by Dietrich and Konig, Wolff, and Ktihn as follows: 

Proximate composition of decorticated cottonseed cake. 



Dietrich and Konig's summary (429 
analyses) : 

^ inimum 

Maximum " 

Average of all analyses 

Average (28 analyses), 1870-1879 

Average (401 analyses). 1880 to date . . . 

Average of all analyses (429) 

AVolff *8 aver«ge 

Kiilin's summary : 

M inimum . . .' 

Maximum 

Ayerage 



Water. 


Ash. 


Per cent. 


Per cent. 


6.25 


4.15 


15.60 


• 10. 08 


8.62 


7.05 


8.76 


7.29 


8.61 


7 


8.62 


7.05 


8.90 


7.20 


7.70 
14.30 
JO 






7.90 



Protein. 



Per cent. 
34.71 
50.80 
44. C9 
44.24 
44.09 
44.09 
43.60 

19.70 
43.80 
40.90 



i Nitrogen." 
Fiber. I free I 
extract. ' 




Fat. 



Per cent. 
13.15 
28.71 
20.85 
19.62 
21.12 
20.85 
19.70 



10. oO 
27. 40 
15. 80 



Per cent. 
7.14 
21.05 
14.23 
13. 82 
14.25 
14.23 
14. 90 

5.40 
19.70 
16.40 



^ 
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COTTON-SEED MEAL. 



Fertilizing constituents, — The following table gives the maximum, 
miiiiiiiuiii, and average composition of cotton-seed meal with regard to 
fertilizing constituents as comi)iled from 204 analyses: 

Fertilizing constituents in cotton-seed meal. 



Minimiim 
Maximum 
Averajje . 



Water. Ash. 



Nitro- 
geu. 



Phos 

phoric 

acid. 



Per ct. Per ct.. Per ct.' Per ct. 

4.34 ' 3.35 ' 3.23 I 1.26 
12.57 i 9.90 8.08 4.62 

7.81 I 6.95 I 6.79 2.88 



Pot- 
aHh. 



Soda. 



Per ct. Per ct. 
0. 87 0. 03 
3.32 .73 
1. 77 . 29 



Lime. 



Mag- 
nesia. 



Snl- 



IllHol- 

,vi...-;« Ferric nhle 
I ter. 



Per cf.i Per ct. 
0.27 0.48 
1. 25 1. 26 
. 43 . 95 



I*er ct. 
0.07 
.40 
.19 



Perct.^ P.ct. 

0.12 ' 0.02 

. 19 , 1. Z9 

. 14 . 27 



Investigations by Kilgore and Xoble^ have shown that 85.5 per cent 
of the potash in cotton-seed meal is soluble in water, but that only 2.05 
per cent of the pho8i)horic acid is available, and that ordinary methods 
of wet combustion for preparing solutions for determination of i)hos- 
phoric acid in this material are not reliable. 

M. H. Hardin,'^ in a paper "On the occurrence of metaphosphoric 
acid and pyrophosphoric acid in (».otton-8eed meal," after describing 
various tests and methods of estimation, says: 

All the reactioiirt seem to show, beyond any reasonable doubt, the presence of both 
metaphosphoric and pyrophosphoric acid in the acpieons solution of the meals 
examined. While no quantitative determinations were attempted, the qualitative 
results indi(;ated more metaphos))horic than either pyrophosphoric or orthophos- 
phoric acid. Whether ])yrophosphoric and metaphosphoric acid exist in cotton 
seed or are formed durin«j; the ])reparation of the meal is a point worth investigating. 

The phosphoric acid in 11 analyses was as follows: Total phosphoric 
acid, 2.65; insoluble, 0.10; soluble, 1.00; reverted, 0.83; available, 2.49. 

Proximate constituents, — The following table shows the maximum, 
minimum, and average composition of cotton-seed meal as compiled 
from over 400 proximate analyses : 

Proximate constituents of cotton-seed meal. 





Water. 


Ash. 


Protein. 


Fiber. 

Per cent. 

1.88 

15.15 

5.44 


Nitrogen- 
free 
extract. 


Fat. 


^Minininni ---. 


Per cen t. 

5.29 

18. 52 

8.52 


Per cent. 

1.72 

10. 62 

7.02 


Per cent. 
23.27 
52.88 
43.26 


Per cent. 
9.13 
38.68 
22.31 


Per cent. 
2.18 


Maximum 


20.66 


Averacre 


13.45 







COTTON- SEED OIL.=* 



In the early history of cotton in this country the seed was a refuse, 
which was either burned or thrown away. Its products are now among 



•North Carolina Sta. Bui. 91d. 

'^ South Carolina Sta. Bui. 8 (n. ser.). 

3 See also article on handling and uses of cotton, p. 365. 
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the most important elements in our national industry. The oil is of 
course the main product. 

• By far the larger portion of the oil manufactured in this country is 
used in the preparation of food i^roducts, principally refined lard and 
salad and cooking oils. It is also used in the manufacture of soaps 
of various kinds, washing powder, cosmetics, to some extent as a lubri- 
cant (when refined) and for illuminating purposes, in the manufacture 
of bolts, nuts, etc.; and generally as a substitute for olive oil. 

The tables of analyses given on a previous page show that the whole 
cotton seed contains on an average from 20 to 25 per cent of crude oil 
(soluble in ether), the Egyptian seed being somewhat richer in this 
respect than the American. A ton of American cotton seed contains 
on the average about 50 gallons of oil, but the oil mills have thus far 
not been able to secure more than 45 gallons per ton. Egyptian seed 
yield slightly more oil, but it is stated to be of somewhat poorer 
quality. 

The crude oil from the presses contains, among other impurities, a 
peculiar coloring matter, which gives it a ruby-red color, sometimes so 
intense as to cause the oil to appear nearly black. This coloring mat- 
ter, together with a large proportion of the other impurities {'' mucilage") 
is removed by the process of refining. 

In this process the impurities in suspension are often allowed to 
settle and the clear supernatant oil is drawn off. To the latter from 10 
to 15 per cent of caustic soda (10^ to 28^ Baum^), according to the 
nature of the oil, is added and the mixture agitated at a temperature 
of lOQo to 110^ F. for 45 minutes, the precipitate being allowed to settle 
from 6 to 3G hours. The residue^ obtained are disposed of as soap 
stock, in the manufacture of stearin, etc. 

The yellow oil resulting from this process is fiirther purified by being heated and 
allowed to settle again, or by filtration, and is called summer yellow oil. Winter 
yellow oil is made from the above material by chilling it until it partially crystallizes 
and separating the stearin formed (about 25 per cent) in presses similar to those 
used for lard.^ 

The latter constitutes the true cotton-seed stearin of commerce and 
is largely used in the preparation of butter and lard surrogates and 
candles'. 

Another substance, improperly called cotton-seed stearin, is obtained by distilling 
with superheated steam the mixture of organ ic^ acids formed when a mineral acid is 
made to decompose the '^ foots" obtained during the process of refining cotton-seed 
oil by alkalis, and pressing out the ^*olein" from the distillate after cooling and 
solidification.'- 

For the preparation of the white oil of commerce the yellow oil 
obtained as above is shaken up with 2 to 3 per cent of fuller's earth 
and filtered. 

^ H. W. Wiley : U. S. Dept. Agr., Division of Chemistry Bui. 13, p. 412. 
'^A. Wright: Oils, Fats, Waxes, and their Manufactured Products, p. 305. 
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Physical properties of the oil. — Cotton- seed oil is twenty to thirty 
times less fluid than water. The refined oil is of a straw or golden- 
yellow color, or occasionally nearly colorless, and when properly x)re- 
pared it is of a pleasant taste. 

Specific gravity : According to Allen ^ the specific gravity of the crude 
oil varies from 0.928 to 0.930, of the ref ned oil frou) 0.922 to 0.92G at 
150 to 15.50 C. Wiley,^ in examinations of 19 samples of refined oil, 
found specific; gravities ranging from 0.9132 to 0.9154, with a mean of 
0.9142 at 350 C. Wiley also reports determinations of specific gravity 
at 90 difierent temperatures (lO^-lOO^ C), showing a variation of from 
0.9249 at the lowest temperature to 0.8683 at the highest temperature. 
Allen gives comparative determinations in which the specific gravity 
was found to be 0.9250 at 15.5o and 0.8725 at 980-99o C, with a mean 
variation of 0.00063 for each degree of temperature. Muter ^ gives the 
specific gravity of brown oil as 0.9176, of refined oil 0.9136 at 100° F. 
(37.8° C). Sutton * places the specific gravity of cotton-seed oil at from 
0.9225 to 0.9236 at 15.5^ C. and 0.8684 at 99^ C. Brannt'^ gives the 
specific gravity of the oil as follows : Crude oil at 680 F. (20o C), 0.9283; 
at 590 F. (I50 C), 0.9306; at 50© F. (lOo C), 0.9343; refined oil, 0.9264 
at 590 F. J. H. Long,^ in an examination of 2 samples of crude oil and 
of 4 samples of oil refined by different processes, obtained the following 
variations: Crude oil (1) 0.9325 at 3o C. to 0.9030 at 46.5°, (2) 0.9290 at 
4.80 C. to 0.8994 at 49.60; refined oil (1) 0.9291 at 4.5o C. to 0.9014 at 
45.40, (2) 0.9312 at 2o C. to 0.9006 at 47^, (3) 0.9295 at 3.8o C. to 0.9000 
at 47.40, and (4) 0.9322 at O.70 C. to 0.9013 at 46.5o. " The decrease in 
specific gravity at mean temperatures varies in the difierent samples 
between 0.00066 and 0.00068 * * * for each degree." 

Solidifying point: Brannt states the solidifying point of crude oil to 
be 270 to 28.50 p. (_2,8o to —20 C), refined oil 30o to 32o F. (— l.io 
toOoc.); Allen, lo to 4o C; Wiley, "near or below freezing;" and 
Muter, 340 F. (lo C). 

Refractive index: The mean refractive index of refined oil, as shown 
by an Abbe refractometer, was found b}' Wiley to be 1.4674 at 25o C. 
The variation in the refractive index is stated to be inversely as the 
temperature, the mean rate of variation for each degree being 0.000288. 
Long (vide supra), with the method of minimum deviation, using a 
Meyerstein spectrometer and hollow prism, obtained the following 
results: Crude oil, 1.4694 at 27.9o C. to 1.4624 at 46.20; refined oil (1), 
1.4744 at 19.30 0. to 1.4658 at 44.2o, (2) 1.4736 at I8.30 C. to 1.4650 at 
40.20, (3) 1.4755 at 13.80 C. to 1.4660 at 39.2o, (4) 1.4742 at 19.3o C. to 



^Commercial Organic Analysis, Vol. II, p. 112. 

2U. S. Dept. Agr., Division of Chemistry Bui. 13, p. 418. 

^Spon's Encyclopedia^ II, p. 1470. 

* Volumetric Analysis, p. 344. 

* Animal and Vegetable Fats and Oils, etc., p. 235, 
«Amer. Chem. Jour., 10 (1888), p. 395. 
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1.4672 at 36.80. The decrease in refractive index was something less 
than 0.0004 for each degree of rise in temperature, and was not very 
difi'erent from that found for olive oil by the same analyst. 

Crystallization and melting points of fatty acids: The crystallization 
point was found by Wiley to vary from 30.5o to 35.6o, with a mean of 
33.50 o.; the melting point from 34.6o to 44.4o, with a mean of 39.10o 
Allen gives the following figures by Hubl : Solidifying point, 30.5o C. ; 
melting point, 37.7o. The high solidifying point of the fatty acids of 
cotton oil sharply distinguishes it from the true drying oils. The fatty 
acids of linseed oil solidify at 13.3o C. 

Rise of temperature with sulphuric acid : This varies, according to 
Wiley, from 8O.40 to 90.2o C, with a mean of 85.4o C. 

Color with sulphuric acid : The colors produced by concentrated sul- 
phuric acid are with crude oil very bright red before stirring, dark red 
to nearly black after stirring; with refined oil reddish brown before 
stirring, dark reddish brown after stirring. Wiley observed that with 
refined oil the color varied from deep reddish brown to almost black. 

Chemical properties, — Cotton oil and oils of similar character are 
classed by Allen in the '^cotton-seed oil group." This group is inter- 
mediate between the olive oil, or nondrying group, and the linseed 
oil, or drying group, since the oils of this class undergo more or less 
drying on exposure to air. As regards drying properties, the more 
important vegetable drying oils stand in the following order: Linseed 
oil, cotton oil, rape oil, peanut oil, and olive oil. According to Brannt,^ 
pure cotton-seed oil consists principally of palmitin and olein, palmitin 
being separated at 12° C. Gebek^ states that the pure fat of cotton 
seed consists almost entirely of palmitin, linolein, and olein, and is for 
the most part neutral. The presence of a small amount of linoleic acid 
explains the moderate drying quality of this oil. 

The amount of glycerol produced by saponification of the oil is reported 
by Allen to be 9.5 per cent. 

In investigations by Stellwaag^ 4.35 per cent of lecithin was found in 
the ether extract and 1.52 per cent in the benzin extract of cottonseed 
meal. 

( 'Otton oil properly prepared is generally neutral, but Allen states 
that "cotton-seed oil expressed in England from decorticated seed often 
contains so large a proportion of free acid that purification with alkali 
becomes i)ractically impossible." He found that a sample of oil exjiressed 
from the decorticated seed in Liverpool "required 14.1 per cent KOH 
to neutralize free acid." Stellwaag found in the ether extract of cotton- 
seed meal 3.24 per cent of free fatty acids and 92.89 per cent of neutral 
fat, and in the benzin extract 16.31 i)er cent of free fatty acids and 80.98 
per cent of neutral fat. The amount of free fatty acids would probably 



1 Animal and Vegetable Fats and Oils, etc., p. 236. 
«Lau(lw. Vers. Stat., 42 (1893), p. 278. 
»Landw. Vers. Stat., 37 (1890), p. 148. 
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be determined largely by the age and state of preservation of the samples 
of oil or meal examined, although Reitmair has observed that cotton seed 
meal kept for several months in a warm laboratory showed no change 
as far as the saponification equivalent and iodin number of the ether 
extract indicated. 

Gebek found 0.058 per cent of phosphorus in the ether extract of 
cotton-seed meal. 

Saponification value: The results reported by Allen show the vsaponi- 
tication value of cotton oil to vary from 190.8 to 19C.8, while Wiley's 
avernge is 197.7. Wright' gives 195 as an average. These figures 
indicate a close relationship between cotton oil and the vegetabe dry- 
ing oils, for which the saponification value varies from J 87 to 19(>.2, 
a relationship which is further confinned by the iodin numbers reported 
below. Stellwaag, in the investigation already referred to, found the 
saponification value of the ether extract of cotton-seed meal to be 194, 
of the benzin extract 196.4. 

lodhi number: Cotton oil possesses in a high degree the property of 
absorbing iodin. " This is due not only to the large percentage of oleic 
acid which it contains, but also probably to the presence of a small 
amount of linoleic acid or sonie homologue thereof. In the samples 
examined in no case did the iodin number fall below 100, and in one 
instance it rose to 116.97. The mean iodin number was 109.02." ^ 

The limits given by Allen, as shown by the work of a number of 
analysts, are 105 to 109. Wright gives 105 to 108, with an average 
of 106; Schiidler, 106-107; and Benedikt and Lewkowitsch,^ collating 
from a number of sources, 102 to 117. Holde* in investigation of the 
accuracy of Hiibl's method found iodin numbers'varying from 110 to 
115, the higher figures obtained being ascribed to more complete satura- 
tion of the oil with iodin by the improved method used. In studying 
the ether extract of cotton-seed meal Gebek ^ found, as Reitmair had 
pointed out, that the iodin number varied with the purity of the extract. 
The extract with ordinary ether from air dr}'^ material showed an iodin 
number of 96.5, while for purer extracts the iodin number was 100.8 to 
102.2. The iodin numbers of the fatty acids of ihe oil are given by 
different authorities as follows: Schadler, 112 to 115; Moranski and 
Demski, 110.9 to 111.2; and Williams, 115.7. 

Reaction with silver nitrate: Another important property of cotton 
oil is its power of reducing silver to the metallic state under certain 
conditions. A test based upon this property, first proposed by Bechi 
and since modified by various analysts,^ maybe applied either to the oil 



' Fats, Oils, Waxes, aud Their Manufactured Products, p. 181. 

2 Wiley, loc. cit. 

3 Oils, Fats, and Waxes, p. 306. 

^Mitt. konigl. tech. Vorsuchs., Berlin, 1891, 9, p. 81 
'^Landw. Vers. Stat., 42 (1893), p. 287. 
<^ Analyst, 1887, p. 170 ; 1888, pp. 98, 161. 
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itself or to its fatty acids. The silver either forms a metallic mirror 
on the sides of the vessel or is reduced in the form of minute black 
particles, which give a brown or black appearance, and in some cases a 
greenish tint, to the liquid. 

Cottonseed stearin: The process by which the two products which 
pass under this name in commerce are made have been briefly described 
on page 103. Brannt states that the fat separated from cotton qi\ by chill- 
ing (to 430 to 540 F.) and pressure is palmitin. The melting point of 
the stearin varies somewhat with the extent of pressure, but it is gen- 
erally pressed so that it will melt above 30^ C. Allen reports the 
following figures obtained in an examination of the substance : Melting 
point, 32° C; specific gravity at 98^ to 99^ O., 0.800; saponification 
equivalent, 285 to 294. According to Allen, by far the greater part of 
the ''cotton-seed stearin*' of commerce is simply the product obtained 
by the distillation of "foots," as noted on page 103. ''Products of this 
kind appear to contain a large amount of unsaturated solid fatty acids, 
possibly isoleic acid. A. H. Allen found that a ' stearin ' of this kind 
had the specific gravity 0.808 at 99^ and melted at 40°, while the iodiu 
number was 89.9 ; the theoretical value for pure isoleic (oleic) acid being 
90.1."i 

Coloring matter in cotton oil: Crude cotton-seed oil contains about 1 
per cent of a peculiar coloring matter, referred to above, which is sep- 
arated in the process of refining. When crude cotton oil is saponified 
and the resultant soap exposed to the air a fine purple or violet-blue 
coloration rapidly appefirs. This is the so-called "cotton-seed blue" 
which, according to Kuhlman, lias the composition C17H24O4. " It is 
amorphous; readily destroyed by oxidizing agents; insoluble in water, 
diluted acids, and alkalis; sparingly soluble in carbon disulphid and 
chloroform, bat more readily soluble in alcohol and in ether; and dis- 
solves with purple color in strong sulphuric acid."^ According to 
Brannt, the unoxidized coloring matter of the oil is insoluble in acids, 
slightly soluble in water, and freely soluble in alcohol or alkalis. In 
its dry state it is a light powder of pungent odor, brown color, and is 
strongly tinctorial. According to J. Longmore, quoted by Allen, it 
is of a golden-yellow color, insoluble in water, and " dyes well and per- 
fectly fast on both wool and silk." Under the name of gossypin it is 
used as a coloring matter in the industries. It is stated, however, by 
Gebek,^ who studied this substance, that it does not make a permanent 
color when used as a dye. 

TABLES OF ANALYSES. 

In the following tables, unless otherwise stated, the figures refer 
to upland cotton. These analyses have been gathered from many 



' Wright, I0C. cit. 

2 Allen, I0C. cit. 

3 Landw. Vers. Stat., 42 (1893), p. 287 
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different sources, and where the number of analyses ishirge their aver- 
age must represent very accurately the true composition of the substance 
in question. This is particularly true in the case of the seed products, 
where we have grouped a comparatively large number of analyses. In 
the case of the leaves, stem, roots, and bolls, where the composition 
seems to depend largely on maturity of the plant, the average means 
very little, and a great number of analyses will of course be necessary 
to determine with accuracy the composition of these products at differ- 
ent stages of growth. We have, however, inserted the average in all 
tables in the latter cases, as much for the sake of uniformity as for 
what the figures show. It may be well to state here that in many 
proximate analyses the proportion of water was not given. When 
this was the case we have, for the sake of uniformity, assumed 10 per 
cent of water and calculated the analyses accordingly, the fact being 
stated in footnotes. Again, in several cases the analyses have failed 
to add to 100. In this case, when the difference from 100 was 0.5 per 
cent or less, correction was made in the nitrogen-free extract and the 
analysis included in the average. Where the error was greater than 
0.5 the fact has been noted by inclosing the analyses in ( ), and the 
analysis excluded from the average. 

It has not seemed desirable to give more than the maximum, mini- 
mum, and average composition of cotton-hull ashes. A large number 
of analyses of this product are on record (185 having been compiled 
for the i)urposes of this article), but as a result of the conditions under 
which it is produced it is very variable in composition and individual 
analyses would be of little value in a discussion of the chemistry of 
cotton. 
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CLIMATOIOGY AND SOILS. 

By Milton Whitney, 
Chief of Division of Soils, U. S, Department of Agriculture. 

INTRODUCTION. 

Cotton production in the United States is limited by climatic condi- 
tions to that portion of the country south of latitude 37o. A few small 
areas are cultivated north of this on account of local peculiarities of 
the climate or market conditions, but for the most part the cultivation 
does not extend north of the northern boundary of North Carolina. 
Just after the war, when cotton was bringing a high price, the cultiva- 
tion was extended into many northern localities, where the plant 
matures only in favorable seasons, but the cultivation of cotton in these 
northern areas has now been generally abandoned for more certain and, 
on the whole, more profitable crops for those localities. 

Prior to 1860 cotton was cultivated on nearly every plantation in the 
South, but it was principally grown upon the deep, fertile loam soils, 
found by experience to be best adapted to it. At present, however, 
cotton is produced upon nearly all varieties of soils within the region 
in which the climatic conditions are favorable to its growth, and arti- 
ficial fertilizers are depended upon to increase the yield or hasten the 
ripening of the crop on soils which are not naturally adapted to it. 

With the present agricultural depression, affecting the cotton planter 
as it does the producer of all other staple agricultural crops, there must 
be a contraction of the acreage if for no other reason than to give up 
the cultivation of the crop on soils not adapted to it and turn them to 
their legitimate use in the production of other crops better adapted 
to them. 

CLIMAJTE. 

In treating of the climatic conditions favorable to the production of 
cotton it is apparent by glancing at a map showing the cotton acreage 
that a line crosses the country a little below latitude 37°, south of 
which the climatic conditions are generally favorable to the production 
of cotton, and north of which they are unfavorable on account of the 
short season and the relatively low mean temperature. 

Broadly speaking,^ the mean temperature of the year is about 15^ 
higher in South Carolina, Georgia, Alabama, and Mississippi than in 
Massachusetts, New York, and Pennsylvania. During the winter the 



* South Carolina Sta. Bui. No. 7, n. ser. 
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mean temperatare is aboat 20^ warmer at the Sooth, and daring the 
summer months about lO^. This of course means a longer and a 
warmer season. The daily range in temi)erature is nearly the same in 
both sections, but is slightly less in the South during tlie summer, giv- 
ing more uniform conditions of growth, and is somewhat greater at the 
South during October and November, the ripening period of the cotton 
crop, which is an imj)ortant factor in cotton production. The daily 
range in temperature increases, however, in both sections as the dis- 
tance from the coast increases. 

The mean annual rainfall for the northern section of the United 
States is about 40 inches, while at the South that amount is exceeded 
by some 16 or 17 inches. The rainfall in both sections generally 
increases from the winter, reaching a maximum about the middle of 
summer, the autumn being the driest period. This larger rainfall and 
higher temperature at the South give considerably more moisture in 
the air. The temperature of the dew-point at the South is 10^ or 
12^ higher than in the Northern States, and a given volume of air con- 
tains nearly twice as much moisture. But as the amount of moisture 
which the air is capable of holding increases with the temperature, 
the per cent of the saturating quantity or the relative humidity is 
about the same at the South as in the Northern States mentioned. 
The relative humidity varies somewhat throughout the year, but it is 
slightly greater during the summer at the South than at the North. 

The following are the essential features of a climate adapted to the 
cultivation of cotton: The season must be sufficiently long for the crop 
to mature. One of the most important factors, therefore, is the prob- 
able date of the last killing frost in the spring and of the earhest frost 
in the autumn, for cotton has a very long growing period. Cotton 
picking is often extended far into the winter, but the first killing frost 
of autumn checks the active growth of the plant, and the blossoms or 
young bolls starting at this time will not develop into mature fruit. 
The crop requires six or seven months of favorable growing weather 
for its development. 

The next most important consideration is the amount and distribution 
of the heat and rainfall. Cotton is a plant which thrives in a very warm 
or even hot atmosphere, provided the atmosphere is moist and the 
transpiration is not so excessive as to overtax the poWers of the plant. 
The temperature should be high and the daily range uniform during 
the early growing period of the i)lant. The mean daily temperature 
normally increases from the time the seed is put in until about the first 
of August, after which it as rapidly falls, making two distinct periods 
in the life of the plant. During the first period of high and increasing 
temperature tlie plant should be in full vegetative growth. Any great 
and sudden range in temperature, or any prolonged cold spell, is liable 
to check the vegetative growth of the plant and tend to ripen it, which 
is very undesirable during this stage of development. By the first or 
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middle of August the plant should have attained its full vegetative 
growth — that is, it should have stored up all of the food material it 
needs. From this time on a decreasing temperature and a greater 
range of temperature between day and night are favorable to the pro- 
duction of a maximum crop, for this checks the vegetative growth and 
iuduces the i)lant to convert the food material it has accumulated into 
fruit. The soil also should be drier during this second period. 

As a rule the rainfall normally increases in the South from the spring 
to the middle of summer, when it decreases, and the climate during the 
autumn is usually remarkably dry and bracing. These conditions are 
favorable to cotton production. During the earlier period the rain 
should fall in frequent showers, rather than in heavy storms, and the 
very best seasons are when these showers occur at night, giving with a 
large and well-distributed rainfall a large amount of sunshine. 

These are the principal climatic conditions favorable to cotton pro- 
duction. They are gathered more from the experience of farmers than 
from the meteorologist, for the reason that the relations of climate to 
crop production are so involved and complex that it is impossible at 
present to give any adequate interpretation to the meteorological data 
and to show their full bearing upon crop production.^ 

We are not at present able to interpret the temperature records 
and determine the exact character of a season from them, for while 
the monthly temperature may on the whole appear to have been 
extremely favorable, yet the temperature on one single day during 
the month or dnring one hour might have been so unfavorable as to 
have affected the crop to such an extent as to have a marked effect 
upon the subsequent yield, no matter how favorable subsequent con- 
ditions may have been. Continuous records by self-recording instru- 
ments will give much fuller information in regard to climatic condi- 
tions, but it will be long before we are able to give a satisfactory 
interpretation to these records- as they affect the health, vigor, and 
production of a given crop 

We must not only consider the mean temperature or rainfall for the 
season or for the month, but the mean temperature and rainfall of each 
day and of each hour, for these may have a controlling influence upon 
crop production. This, of course, makes the relations exceedingly 
complex. 

The following summary of tables, prej^ared by Prof. P. H. Mell and 
published in Bulletin 8 of the Weather Bureau of this Department, 
gives the principal features of the climatic conditions of different rofe- 
tions of the cotton belt during the growing season of the crop. 

Table 1 gives the earliest and latest dates of the last killing frosts in 
the spring from 1871 to 1891, both inclusive, and gives the average date 



*When the conditions are such that thore is a tendency to excessive growth of 
"weed'' a dry hot May and June to check overgrowth of the plant may be found 
beneficial. 
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at whicli they liave occurred. The heavy frosts at tlie South have 
geuerally ended by the 13th of April, aud it is customary to phiiit cot- 
ton from April 1 to May 10, as there is then little chance of the crop 
being injured by tlio time it has germinated and appeared above the 
surface. It is not considered advisable, however, to begin planting 
before April 15 on account of the cool nights during this month, which 
are liable to reduce the vitality of the plants. 

Taklk 1. — Datee of last killing J'roite in the eottoii bi:U, exhibiting early and backviard 
tpriiiga, from 1871 to ISO!, inctuHtr. 



Kitty Hnirk, K. C Jai 

Mcmtgomery. ALi Fel 

PaloBline. IBX FbI 

Shraveportf La Jai 



IVUinliietoD, N. C Jan. 



is! mi 



MBwOrlesng, Lft I Hi 



. Iiec. 2D, ISeu 
-IneB.'lfLlgaO 

I. 37, iseo 

.-. X, 1RB2 



. I Dec. 27. 18BU 



Apr. J 
Mir. 21 



Mar. 11. ises 



Table 2 gives the date of the first killing frost of the autumn in the 
cotton belt from 1832 to 1890, inclusive. The detailed information for 
the separate localities is not published in the bulletin A'om which 
the table is taken. It ia stated in a general way that at Charlotte, 
Chattanooga, and Nashville frosts may be expected as early as October 
15; at Atlanta, Starksville, Vieksburg, and Palestine killing frosts 
usually occur as early as November 1, while along the coast of Georgia 
and Alabama they may be expected any time after N'ovember 15. 
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Table 2. — Dalta of the first killing froaia in the coilon belt. 
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These tables show tlie length of the season in the different sections 
of tlie cotton belt. 

The winters in the cotton belt are seldom severe and the teinperatare 
rarely reaches zero except in the northern portion, where the climatic 
eoiiditious are liable to extreme or sudden changes. The conditions 
are generally unfavorable to cotton production where the winter and 
spring temperatures are very low, as the growing season is liable to be 
too short for the maturity of the crop. 

Table 3 shows tlie minimum temperature of the three winter months 
in a number of localities in different sections of the cotton belt. 

« of the cotton belt of the Soutkem 
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1 leiajteralare at itatione of Ihe cotton bell, t 



s.„... 


!■'■''?"' Mini ^i™.i.„.... 
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Table 4 gives tlie mean monthly temperature of Btations in tlie dif- 
ferent sections of tlie cotton belt during tlie growing season, Table 
6 gives tlie mean minimum temperature, UJid Table G gives the mean 
maximum temperature of the same place. 

Table i. — Mean monthJij temjieralure of ilationa in the cotton belt. 



station. 


Apr. 


.... 


June. 


Jul)-. 


Aug. ■ Sept. 


Oct. ! XOT. 
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Table 4. — Mean monthly temperature of stations in the cotton belt — Continued. 



Station. 



SOUTHERN SECTION. 

Brown.sville, Tex 

Cedar Keys, Fla 

Galveston, Tex 

Jacksonville, Fla 

Mobile, Ala 

Xew Orleans, La 

Pensacola, Fla 

Kio Grandei City, Tex 

San Antonio, Tex 

Savannah, Ga 

Mean 



Apr. 


May 


June. 


July. 


Aug. 


Sept. 


Oct. 


° F. 


° F. 


o yr. 


OF. 


OF. 


OF. 


OF. 


74.4 


79.3 


82.7 


83.8 


83.1 


79.7. 


70.1 


69.8 


75.5 


80.1 


82 


81.8 


79.5 


72.6 


70 


76.1 


82.3 


84.3 


83.5 


79.3 


72.6 


68.9 


72 


80.7 


82.9 


81.7 


78.3 


70.5 


67.1 


74.2 


80.4 


82.6 


80.7 


74.8 


68.2 


68.9 


74.9 


80.6 


82.7 


81.8 


78.5 


70.4 


67.7 


73.4 


79.8 


81.4 


80.9 


77.7 


67.8 


74.2 


80.9 


85.5 


87.4 


86.3 


81.6 


74.5 


69.4 


74.8 


81.2 


83.5 


82.6 


77.2 


69.5 


66.6 


73.2 


79.6 


82.4 


79.1 


76 


66.9 


69.7 


75.4 


81.3 


83.3 


82.1 


78.2 


70.3 



Nov. 



OF. 
66.8 
63.5 
62.3 
62.5 
58.5 
61 
59.4 
64.9 
58.3 
58.6 

61.5 



Table 5. — Mean maximum temperature of stations in the cotton belt. 



Station. 



NOETHEBN SECTION. 

Atlanta, Ga 

Charlotte, N. C 

Chattanooga, Tenn 

El Paso, Tex 

Fort Davis, Tex 

Fort Elliott, Tex 

Fort Smith, Ark 

Knoxville, Tenn 

Little Kock, Ark 

Memphis, Tenn 

Nashville, Tenn 

Mean 

MIDDLE SECTION. 

Auburn, Ala 

Augusta, Ga 

Charleston, S. C 

Hatteras, N. C . . . '. 

Kitty Hawk, N.C 

Montgomery, Ala 

Palestine.Tex 

Shreveport, La 

Yicksburg, Miss 

Wilmington, N.C 

Mean 

SOUTHRBN SECTION. 

Brownsville^ex 

Cedar Keys, Fla 

Galveston, Tex 

Jacksonville, Fla 

MobUe,Ala 

New Orleans, La 

Pensiacola, Fla 

Rio Grande City, Tex 

San Antonio, Tex 

Savannah, Ga 

Mean 



Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


°F. 


OF. 


OF. 


OF. 


OF. 


op. 


OF. 


OF. 


71 


78.3 


84.3 


86.7 


84.3 


78.8 


70.5 


60.4 


70.4 


78.9 


85.4 


87.9 


85.2 


79.9 


7L3 


60 


74.2 


79.6 


85.3 


87.9 


85.6 


80.3 


7L1 


59.6 


80.1 


88.9 


97.6 


98 


94.4 


86.7 


78.2 


64.9 


75.1 


82.9 


90.4 


89.2 


83.3 


79.6 


74 


62.8 


70.9 


77.3 


85.6 


90.6 . 


87.8 


81.9 


70.8 


56.3 


74 


80.3 


87.6 


92.6 


89.9 


84.5 


74.6 


61.4 


68.3 


77.6 


84.1 


87.1 


85 


79.9 


69.5 


57.4 


73.3 


79.5 


86.7 


90.1 


88.1 


82.2 


73 


60.1 


71.5 


79.4 


87 


90.1 


87.6 


8L2 


7L3 


59 


69.5 


78.2 


85.3 


89.1 


86.8 


79.7 


70.3 


57.8 


72.6 


80.1 


87.2 


89.9 


87 


81.3 


72 


60 


72.7 


80.9 


84.8 


84.8 


86.8 


82.7 


74.7 


63.8 


75.3 


83.4 


89.1 


9L8 


89.3 


84.6 


75.2 


65.4 


7L9 


79.5 


86.4 


88.9 


87 


82.2 


74.1 


65.6 


63.2 


72.5 


79.2 


82.6 


8L9 


78.8 


70.2 


6L7 


. 62.7 


72.9 


80.8 


84.5 


80.1 


79.1 


69.6 


.59.9 


76 


83.8 


89.8 


91.9 


88.6 


85.3 


75.5 


65.3 


76.3 


8L2 


88.4 


92 


9L3 


85.2 


77.1 


66.1 


77.4 


84 


91 


93.7 


92.4 


85.2 


76.6 


65.4 


75.4 


82.9 


89 


91.7 


90.2 


84.3 


75.2 


65.4 


69.3 


76.6 


84.4 


86.7 


85.9 


8L1 


69.1 


64.7 


72 


79.8 


86.3 


88.8 


87.3 


82.8 


73.7 


64.3 


82.4 


86.2 


90.2 


9L3 


91.3 


87.6 


83.8 


74.9 


76.1 


81.9 


86.4 


87.9 


87.9 


86.1 


79.2 


70.6 


75.1 


81.5 


87.4 


89.6 


88.7 


84.1 


77.6 


67.6 


78 


88.6 


89 


91.1 


89.7 


85.6 


78.3 


71.1 


75.5 


83.2 


88.8 


90.8 


88.2 


85.7 


77 


67.4 


76.1 


82 


87.2 


89.1 


88.2 


84.8 


77.3 


68.1 


74.6 


80.1 


86.1 


87.9 


87.6 


84.6 


75.6 


67.6 


87.8 


9L5 


96.7 


99.2 


98 


92.1 


85.2 


74.9 


79.7 


84.7 


9L2 


94.1 


93.2 


86.7 


80.1 


68.6 


74.7 


8L4 


87.5 


90.1 


87.8 


82.9 


74.7 


67.3 


78 


83.6 


89 


9L1 


90 


86 


78.8 


69.8 
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Table 6. — Mean minimum temperature of stations in the cotton belt. 



Station. 



NORTHERN SECTION. 



Atlanta, Ga 

Charlotte, N. C 

Chattanooga, Tenn 

El Paso, Tex 

Fort Davis, Tex . . . 
Fort Elliott, Tex. . . 
Fort Smith. Ark.. - 
Knoxville, Tenn . . . 
Little Rock, Ark... 

Memphis, Tenn 

Nashville, Tenn 



Mean 



MIDDLE SECTION. 



Atlbiirn, Ala 

Augusta, Ga 

Charleston, S. C . . . 

Hatteras, N. C 

Kitty Hawk, N. C 
Montgoraerv, AJa. 

Palestine. Tex 

Shreveport, La 

Vicksburg, Miss . . 
"Wilmington, N. C. 

Mean 



SOUTHERN SECTION. 



Brownsville, Tex 

Cedar Keys, Fla 

Galveston, Tex 

Jacksonville, Fla 

Mobile, A la 

New Orleans, La 

Ponsacola, Fla 

Rio Grande City, Tex. 

San Antonio, Tex 

Savannah, Ga 



Mean . . 



°F. 
52. 
49. 
52. 
48. 
46. 



2 
4 
2 
4 
3 
43.4 



51. 
47. 
53. 
53. 
49. 



49.8 



57.5 



54 

53.8 

56.9 

50.6 

49.3 

55.6 

57 

57.3 

56.7 

51.7 



61.9 

61.6 

65.1 

61.8 

58.9 

63 

62 

64 

63.4 

57.7 



68.8 

69.3 

66.3 

68.9 

67.6 

71.1 

09.7 

71 

70.5 

67.9 



54.8 



61.9 



66.5 
63.4 
64.9 
59.7 
58.7 
6L8 
60.8 
60.5 
59.2 
57.4 



61.3 



72.3 

69 

70.7 

60.4 

65.1 

67.7 

60.7 

70.3 

64.8 

65.1 



67.2 



09.1 



75.1 
74.3 
77.1 
72.5 
72.1 
74.1 
73.0 
74.3 
71.2 
71.7 



73.6 



May. 


June. 


OF. 


OF. 


59.6 


67.2 


58.7 


66.3 


58.2 


66.1 


57.3 


65.7 


54 


62.2 


52.1 


61.8 


57.6 


66.8 


55.8 


64.3 


60.9 


68.8 


61.1 


69 


57.5 


66.5 



65.4 



OF. 
10 

69.3 
69.2 



68 

64 

65 

70 

07 

72.1 

72.7 

70.1 



69 



71.2 

72.6 

69.3 

72.6 

72 

73.3 

72.6 

73. 9 I 

73 ' i 

72.2 : 



72.2 



76,3 

77.5 

79 

74.6 

74.4 

76.2 

74.8 

75.0 

72.9 

74.6 



75.0 



67.3 



69.4 

71 

74.5 

72.7 

72 

71. 

71. 

72. 

71.6 

70.9 



7 
3 
3 



71,7 



^ug- 


Sept. 


°F. 


OF. 


68.4 


63.4 


67.6 


62.6 


67.8 


62 


67.2 


60.4 


62.3 


56.8 


64.6 


56.9 


68.3 


62.3 


65.8 


59.8 


70 


64.4 


70.4 


63.6 


67.7 


60.9 



74.9 

75.6 

78.2 

73.7 

73.2 

75.4 

74.2 

74.6 

72 

70.4 



74.2 



Oct. 



°F. 
53.6 
5L8 
52.1 
49.4 
49.7 
45.9 
51.1 
48.1 
54.3 
54 
50.3 



Nov. 



6L2 


60.9 


65.4 


53.4 


06.1 


54.4 


70 


60.2 


69.4 


60 


68.3 


58.6 


66.7 


55.6 


65.9 


56.4 


66.2 


56.2 


66.4 


56.5 


65.8 


55.1 


67 


56.6 


71.9 


66.4 


72.9 


66 


74.4 


67.5 


71 


62.8 


63.9 


59.3 


72.1 


63.4 


70.9 


62.1 


71.1 


03.7 


67.7 


58.9 


69 


59.1 


70.5 


62.9 



43.7 
44. G 
50.9 
50.4 
47.9 
45.0 
46.9 
45.7 
46.7 
46.5 



46.9 



58.6 

56.4 

57 

53.8 

49.6 

53.9 

5L2 

54.9 

48.1 

49.0 



53.3 



These tables show a long seasou of uuiforinly warm conditious, 
especially in the middle and southern sections, which are very favorable 
to the production of cotton. 

Table 7 gives the average rainfall, with the number of rainy days and 
the number of clear days, for the month of May in the three sections 
of the cotton belt from 1871 to 1891, inclusive. The detailed informa- 
tion for the several stations is not given in the bulletin from which 
these tables are taken. 
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Table 8 gives the normal precipitation, tbe average number of rainy 
days, of clear days, and of cloudy days at tlie several stations of the 
three different sections of the cotton belt for the months of June, July, 
August, and September, which, together with the mouth of May, are 
the most important months of the crop season. 

Table 8. — Precipitation for June, July, August, and September in the eoiton belt. 
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Table 8. — Precipitation for June, Juhjy Auffustj and September, etc. — Continued. 
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Little comment is here made upon the data contained in these tables. 
They are but broad, general statements of the climatic conditions, which 
can be used for general comparisons and as a basis for other more 
detailed work. 
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SOIL. 

Cotton is at present cultivated with more or less success on nearly 
all kinds of soils within the region in which the climatic conditions are 
favorable to its growth and development. It is grown alike on light 
sandy soils, on loams, on heavy clay soils, and on bottom lands, but 
not with equal success on all of these different types of soil. On the 
sandy uplands the yield of cotton is usually very small 5 on clay lands, 
especially in wet seasons, the plants attain large size, but yield a small 
amount of lint in proportion to the size of the plants. This is also 
likely to be the case on bottom lands. The safest soils for the crop are 
medium grades of loam. On the bottom lands in very favorable sea- 
sons the crop joften produces a very large yield, but it is not so cer- 
tain, and in unfavorable seasons the plants are liable to disease and to 
insect ravages. 

It becomes important for the cotton planter to understand the soils 
of his farm in order to get the greatest possible advantage from the 
soils adapted to cotton and to appreciate the fact that he cannot 
hope to compete successfully in the production of cotton on other kinds 
of land. It is the purpose of this chapter to summarize our present 
knowledge of the relations of soils to crops from the investigations 
which have been carried on in this country and abroad, not only to 
concentrate the light upon this subject for immediate benefit in its 
application to the problems of present interest to the cotton planter, 
but to stimulate interest in this subject, which presents a very promis- 
ing field for investigation. 

The study of soils is naturally divided into two parts — (1) the soil 
considered merely as a source of food supply for plants and (2) the study 
of the physical conditions in the soils, especially of moisture and heat^ 
which are equally essential for the growth and development of plants. 

CHEMICAL PROPERTIES OF SOILS. 

The chemistry of soils has been very earnestly studied in the past 
fifty years. It was once very generally believed by agTicultural chemists 
that the chemical analyses of any particular soil and plant would show 
what might be lacking in the soil for the production of a normal crop 
of the plant. Later investigations have dispelled this idea, and have 
shown that there is no simple relation between the chemical analysis 
of a soil and the crop-producing power. This is especially marked in 
the case of nitrogen, i)hosphoric acid, potash, and lime, which experi- 
ence has taught us to apply to the soils in the form of fertilizers. That 
these fertilizers have been of great and undoubted value in the increased 
production of crops no one can for a moment doubt, but the effect of 
these fertilizers on the soil in increasing the yield of crops, and the real 
principle upon which we should apply them to the laud is a subject of 
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considerable doubt and a matter of very diverse opinions among scien- 
tific men. 

Soils, to a depth of 1 foot, rarely contain less than 0.05 per cent each 
of phosphoric acid, potash, and lime, which corresponds to about 1 ton 
of these substances per acre, and they usually contain from two to 
twenty times this amount. A soil, however, containing as much as 10 
tons of phosphoric acid or of potash or of lime jyev acre may be natu- 
rally unproductive or may be readily exhausted *by injudicious methods 
of cropping and cultivation. Crops remove but a very small amount 
of mineral food — so little, indeed, that the loss can not be detected by 
the most careful chemical analysis of the soil after a large crop has 
been removed. It has been repeatedly shown that very barren soils 
often contain as much plant food as others which are considered fertile. 
It is strange indeed that the application of a fertilizer containing no 
more than 20 pounds per acre of phosi)horic acid or of potash to a soil 
which, to a depth of 1 foot, already contains from 2,000 to 40,000 pounds, 
should make the difference between a poor and a large crop. It 
is no unusual thing to find in the experience of farmers and in the 
careful experiments conducted at the experiment stations that the 
increased crop due to this addition of fertilizing material contains more 
plant food than is contained in the fertilizer which has caused the 
increase. 

It is commonly believed now by agricultural chemists tliat the reason 
small quantities of fertilizers have such an effect upon soils containing 
such enormous quantities of these same ingredients is thaf only a very 
small portion of the plant food in the soil is in a condition to be readily 
available to plants, as by far the larger proportion of the plant food is 
in the form of minerals which the plants can not readily assimilate. 

Eecent investigations have therefore been turned to the considera- 
tion of the amount of food material in the soil which is readily avail- 
able to plants. Two methods have given considerable promise of 
valuable suggestion as to the amount of available plant food in soils. 
One is based upon the assumption that the available plant food is com- 
bined with the partially decomposed organic matter or humus in the 
soil, and that if this humus is extracted and an analysis made of it the 
results will show the amount of the food material in the soil readily 
available to plants. This idea has been strongly advocated by Gran- 
deau and has been developed in this country with valuable results by 
Hilgard^ and Snyder.* 

For years an effort has been made to find a solvent of such a char- 
acter and concentration as shall dissolve out of the soil itself about the 
same amount of plant food that a plant would extract through its roots 
during its season of growth. Dyer^ has made a very thorough and 



' Cahfornia Sta. Rpt. 1891-92, p. 241. 

^ Minnesota Sta. Bal. 41. 

3 Jour. Chem. Soc, 1894, p. 115 (E. S. R., 5, p. 1013). 
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systematic study of the soils of some of the experimental plats at 
Bothamsted, and has obtained some exceedingly interesting and prom- 
ising results. He used as a solvent a 1 per cent solution of citric acid, 
which has about the same acidity as the juices expressed from the 
roots of a large number of plants which he examined. Citric acid was 
selected because it is an organic acid very commonly i^resent in plants, 
and is easy to obtain in a comparatively pure state. This dilute acid 
was allowed to act on the soil for a considerable time at a certain 
temperature, the soil and solvent being occasionally shaken. 

The amount of plant food extracted in this way from the soil was 
estimated, and was assumed to be the amount of food material in the 
soils available to plants. Very striking relations were shown to exist 
between the matters extracted by this process and the crop yields from 
the different plats. 

A great deal of light has been thrown upon the chemical constitution 
of soils by these investigations, but the point is not reached at which 
the kind of crop best adapted to a given soil or the additions of plant 
food necessary to make the soil suitable for crops to which it is not nat- 
urally adapted can be predicted with certainty from a chemical analysis 
of soil and crop. This is undoubtedly due in large part to the fact that 
the agricultural chemist has paid too little attention to the other con- 
ditions of growth, especially to the physical conditions of the soil, 
which are of equal importance with the chemical composition of the 
soil in determining crop production. 

A very large amount of work has been done in this country in the 
investigation of the chemical composition of soils of the cotton region. 
Very valuable and suggestive work has been published in the reports 
of the Kentucky Geological Survey, in the reports of Professor Hil- 
gard on the agriculture of Mississippi and California, and especially in 
the elaborate summary of the work of Eilgard and others in the Tenth 
Census.'' This latter report describes in great detail the soils of all of 
the i^rincipal agricultural regions of the cotton belt, and gives a great 
many analyses showing their chemical composition as determined by 
digestion with strong hydrochloric acid. (See p. 164.) 

The limits of this chapter i)ermit of only the most general statements 
as to the results of the vast amount of work done prior to the publica- 
tion of the Tenth Census and of the special investigations undertaken 
for the Tenth Census itself on the chemical composition of soils adapted 
to cotton. Hilgard states,^ as a result of his investigations and that 
of his colaborers in this exhaustive research, that as a rule the relative 
proportions of phosphoric acid and of lime seems to govern the i)roduc- 
tiveness of our virgin soils. A soil containing only 0.05 per cent of 
phosphoric acid must be regarded as seriously deficient in this element 
unless it contains a large amount of lime. In sandy loam soils 0.1 



J Tenth Census of the U. S., 1880, Vols. V and VI, Cotton Production, parts 1 and 2. 
2 Tenth Census of the U. S., 1880, Vol. V, Cotton Production, part 1, p. 78. 
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per cent, when accompanied by a fair sui)ply of lime, gives a fair pro 
ductiveness for from eight to fifteen years. With a deficiency of lime^ 
however, twice that amonnt will only serve for a similar time. The 
maximum amount of phosphoric acid found in a pine upland soil by 
his method of analysis is about 0.25 per cent in the splendid table-land 
soils of west Tennessee and Mississip])i. In the best bottom soils, or 
buckshot soils, of the Mississippi Valley, 0.3; in that of the black 
prairie of Texas, 0.40, and in a red-clay soil from Tennessee, 0.56'A per 
cent. This latter figure w(mld imi)ly the i)resence of 22,000 pounds of 
])h()Si)horic acid per acre to a depth of 1 foot, soluble in the acid of 
the strength used in the chemical analyses. 

Virgin soils containing less than 0.06 per cent of potash may be 
usually assumed to be deficient in available potash, and an application 
of i)otash to such soils may b(» expected to give beneficial results. 
Sometimes, however, a soil very rich in lime and phosphoric acid 
shows good productiveness despite a very low potash percentage. The 
amount of potash in heavy clay upland soil and clay loams ranges from 
about 0.8 to 0.5 per cent, in lighter loams from 0.45 to 0.30, in sandy 
loams it falls below 0.3, and in sandy soils of great dei)th it may fall 
below 0.1 per cent and still give good productiveness and durability, 
de])ending somewhat upon the amount of lime and phosphoric acid 
within the soil. It will thus be seen that the percentage of potash 
varies somewhat with the amount of clay. The buckshot soil of the 
Mississippi bottom contains 1.3 per cent of i)otash and 1.4 per cent of 
lime and is jet black with humus and may well serve as the type of a 
fertile soil. Hilgard states that in his experience few of the soils of 
the South contain less potash than the (luantities above reported and 
that potash manures are not usually necessary for the exhausted soils 
of the South. He also states that the universal preference given to 
phosphoric and nitrogenous fertilizers in the West and South is in 
accord with this inference. 

Hilgard states as a result of his experience that 0.1 per cent of lime 
in the lightest sandy soils gives character to the native timber growth. 
In clay loams there should be not less than 0.5 j)er cent, and the amount 
may rise advantageously to 1 or even 2 per cent. 

These conclusions of Hilgard as the result of the extensive inves- 
tigations for the Tenth Census still stand, and are likely to stand for a 
long time to come, as the standards by which we will compare the 
chemical composition of the soils in this country. They are very gen- 
eral, but it is not possible at present to give more specific statements. 
But little work has been done upon the chemical composition of the 
soils of the cotton belt since the completion of the investigations made 
for the Tenth Census. 

]\Iore recently PagnouP states as a result of his own experiments, 
and from the experiments of Deh^rain, Joulie, and Dellisse, that a soil 



^Terres Arables da Pas-de-Calais, Arras, 1894 (E. S. R., 6, p. 118). 



CLIMATOLOGY AND SOILS. 157 

containing less than 0.1 per cent of phosphoric acid will probably be 
deficient in that substance and will be benefited by the application of 
phosphates. Miintz points out that this limit should not be arbitrarily 
fixed, as it would depend largely uiK)n the form of combination of the 
phosphoric acid in the soil. In regard to the form in which phosphoric 
acid should be applied, it is stated that if the soil is calcareous super- 
phosphates can be used with advantage; if the soil contains less than 0.1 
per cent of lime, superphosphate^ are apt to be injurious and a phos- 
phate containing free lime, such as Thomas slag, should be used. 
Precipitated phosphates are well adapted to the soils which need phos- 
phoric acid, but produce their best results on soils which contain 
smaller amounts of lime. Natural phosphates are used to the best 
advantage on humus soils when applied in a very finely ground 
condition. The author states as a result of his investigations that a 
soil containing 0.25 per cent of potash is not likely to respond profit- 
ably to an application of potash salts. 

The normal proportion of nitrogen in good soils is stated to be about 
0.1 per cent. Whether soils containing as much nitrogen as this will 
be bene ti ted by an application of nitrogenous fertilizers will depend 
largely upon the condition of the nitrogen in the soil and upon the 
demands of the plant. When the amount of nitrogen is below this 
limit nitrogenous fertilizers are considered almost always indispensable. 

These views as to the cliemical composition of soils and their relation 
to plant growth represent the views held at present both in this coun- 
try and abroad. They are the results of a vast amount of chemical 
investigation. It will be seen that they are very general and that no 
S]^ciflc deductions can be drawn from the chemical analysis of a soil 
alone. 

PHYSICAL STRUCTURE OF SOILS. 

In the preceding section the results of the chemical investigations of 
soils have been given as these bear upon crop production. It has been 
shown in the first place that the total amount of plant foods in the soil 
has no simple or direct bearing upon the relation of soils to crop pro- 
duction. It is very generally believed, however, as a result of the 
investigations in this country and abroad, that fertile soils should have 
a certain quantity of each of these plant foods as determined by the 
extraction of the soil by strong acids. If the amount falls below the 
limits which have been assigned, experience has shown that in most 
cases the soils will respond to fertilizers or manures containing the 
elements which are thus shown to be deficient in the soil. But occasion- 
ally very poor, worn out, and exhausted soils contain as much of these 
plant foods as would correspond with the arbitrary limits which have 
been set for soils of average fertility. It has been stated likewise that 
promising investigations are being carried on with different solvents, 
and that it is believed by many that it will be possible to find a solvent 
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of a nature and strength which will indicate very clearly the amount of 
plant food ia the soil which is avaihible to plants. 

We come now to a consideration of the physical texture and struc- 
ture of soils and especially to the conditions of moisture they maintain, 
which have a most important bearing upon crop production, and which 
undoubtedly are often of sucb influence that they completely over- 
shadow in inii)ortance the chemical composition of the soil. 

The classification of soils into sandy, sandy loam, loam, clay loam, 
clay, and bottom lands has a very distinctive and inipoitant meaning 
to the farmer, for be recognizes certain properties characteristic of 
each of these classes of soils and has learned from experience to expect 
certain results. 

On the light, sandy uplands the yield per acre is almost invariably 
small; on stift* clay lands and on bottom lands, especially in wet sea- 
sons, the plants are inclined to make an excessive growth of the leafy 
parts and to put on little fruit in proportion to the size of the plants 
and the crops to be late in maturing. It is also a recognized fact and 
a matter of wide experience that plants growing on some of these 
typical soils are much more subject to diseases and to insect ravages 
under unfavorable climatic conditions than on other soils. The safest 
soil for cotton is found to be a medium loam, although, as stated 
elsewhere, in favorable seastms and under favorable conditions very 
large yields are obtained from the heavier clay soils and on bottom 
lands. 

The texture of the soils, therefore, or the relative amount of sand and 
clay, has an important bearing on crop production, as has been shown 
in the experience of farmers throughout the cotton belt. It remains 
to be seen what these differences are which are dependent upon the 
relative amount of sand and clay, which the farmer can recognize at a 
glance, as he can not recognize differences in the chemical composition 
of the soil. 

The first thing which is very apparent in the consideration of this 
subject is that the character of the season, ^nd especially of the amount 
and distribution of the rainfall, has a very marked and important influ- 
ence upon the yield of cotton on all of these difterent types of soil. 
It is no unusual thing for a cotton crop on a heavy clay or rich bottom 
land to be so badly diseased or to be so injured by insect ravages as to 
cause an entire failure of the crop, or to be so delayed in maturing, 
by reason of unfavorable climatic conditions and rank vegetative 
growth, that the crop does not mature before frost. In more favorable 
seasons the yield from these same lands may be enormous. Every 
farmer also recognizes when he puts in his crop the great uncertainty 
as to the yield, and it is no uncommon thing for the yield of cotton for 
an entire State to be double one year what it was the previous year. 
It is likewise a matter of very common experience that the cotton in 
one field or tract of land will be much more aflected by unfavorable ' 
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climatic conditions than the crop in an adjacent field of perhaps a 
different character of soil. 

We see here an indication of the great influence the conditions of 
rainfall and moisture have upon the cotton crop, and we have indica- 
tions also that these different types of soil maintain very different con- 
ditions of moisture for the plants. It may be said, in fact, that while 
climatic conditions determine the general distribution of plants — make 
it impracticable, for example, to grow cotton in a northern latitude — 
the texture of the soils, or the relative amouut of sand and clay they 
contain, and the relation of these differently textured soils to moisture 
largely determine the local distribution of plants and explain why 
some soils are adapted to cotton, wheat, tobacco, or to truck farming, 
and why other soils are not so well adapted to these crops. 

As a rule, the relative amount of moisture maintained by different 
soils for crops under normal conditions depends upon the resistance the 
soil offers to the descent of the rainfall. 

The actual resistance, and therefore the relative amount of moisture, 
maintained by different soils depends upon the amount of space in 
the soils for the water to enter; upon the number of grains of sand, 
silt, and clay, for this will determine how much the space is divided up; 
upon how these grains are arranged, for this will have an influence upon 
the resistance or the friction the soil offers to the descent of the rain- 
fall; upon the amount of organic matter in the soil, and upon the 
depth of the soil. 

Soils contain, as a rule, about 50 per cent by volume of empty space; 
that is, in 1 cubic foot of soil there will be one-ha^lf cubic foot of space 
into which water or air can enter. In a sandy soil this space will not 
be divided up so much as in a clay soil; the sand having fewer grains 
the spaces between the grains are larger, so there is less friction and 
the water moves downward more quickly. These sandy soils will not, 
therefore, maintain so much moisture for the plants. The particles of 
clay soils, on the other hand, are so exceedingly minute, and there are 
such a vast number of them in the soil, that the spaces between them 
are exceedingly small and offer a great resistance to the descent of rain, 
so that the water moves very slowly and a large amount is maintained 
for the plants. A strong clay soil will usually contain three or four 
times as much water as a sandy soil, and this has a very important 
eff'ect upon the growth of cotton. 

Advantage is taken of this fact in greenhouses, but in nature, of 
course, we can not control the conditions. In the latter case we must 
take the amount of rain which* falls, but our different soils being 
so different in texture and in the resistance which they offer to 
the descent of the rainfall, maintain quite as different conditions of 
moisture as are supplied in practice under artificial conditions of green- 
house culture. Light sandy soils, being moderately dry, force plants 
to an early maturity, and these soils are used at presei^t for the very 
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profitable truck farming which has developed into such an important 
industry in recent years. Such soils are not adapted to wheat or grass, 
not necessarily because they are deficient in any particular food required 
for these crops, but because the dry conditions force the plants to an 
early maturity and the yield per acre is small, (.'lay soils, on the other 
hand, are adapted to wheat and grass, because they maintain uniformly 
moist conditions and the plants have a slow and prolonged growing 
X^eriod before it is time to mature seed. Clay soils are not adai)ted to 
early truck, because the croi)S are so late in maturing that they lose the 
advantage of the high market prices. 

The resistance or the friction in the soil determines the i)roportion 
of the rainfall which will be held back for the use of jdants, and deter- 
mines largely the amount of moisture which different soils maintain. 
There must, however, be some automatic ])ower to move this water 
from place to place in the soil and deliver it to the roots of plants as it 
is needed. This power exists in the soil in the force of surface tension, 
or, as it is more commonly called, cajnllary force, which may move water 
in any direction in the soil, either up or down or laterally. 

Fertilizers have an important effect upon this force of surface ten- 
sion. Lime, kainit, salt, plaster, and acid phosphate increase the sur- 
face tension and therefore increase the force which moves water to 
the plant. This probably explains many facts commonly met with in 
practice. 

A cotton soil should maintain very uniform conditions of moisture, 
for any marked or sudden variation, especially during the growing 
period, is apt to affect the vitality of the plant and have a marked 
effect upon the development of the cro]). During the early growing 
season of the plant, up to the first of August, the soil should be con- 
tinuously moist, but not wet. A sandy soil, as a rule, is not sufficiently 
retentive of moisture, and the su])ply of moisture is so inadequate that 
the plants are small and are forced to an early maturity before they 
have gathered sufficient food material for a normal crop. On the other 
hand, a clay soil or a bottom land is liable to niaintain too much mois- 
ture, and the plant takes on an excessive growth. If this condition is 
checked at the proper time and the idant is induced to mature fruit, 
the yield may be verj^ large, but if this condition continues and the 
soil remains continuously moist after the first of August, the plants 
develop in a very luxuriant way, but with little tendency to put on 
fruit. Such soils may be greatly benefited by underdrainage, whereby 
the excess of water is artificially removed from the soil. This exces- 
sive growth may be checked also by fertilizers, especially by heavy 
application of phosphoric acid, which has a tendency to check the 
vegetative growth and hasten the maturity of the plant. 

The safest soil for the cotton crop is a deep loam, naturally well 
drained, but sufficiently retentive of moisture to maintain a uniform 
supply throughout the entire growing season. 
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The following is Hilgard's description of the famous buckshot soil of 
Louisiana, which is justly claimed to be the finest type of cotton soil in 
this country: 

The buckshot soil, in its store of plant food of all kinds, stands preeminent above 
all of the rest of the soils and well deserves its reputation of being the most pro- 
ductive and tillable soil in the great bottom. Unlike many other clay soils, it may 
be tilled at any time when the plow can be propelled through it, because on drying 
it crumbles into a loose mass of better tilth than many elaborately tilled upland 
soils. It is so deep that the deepest tillage, even by a steam plow, would not reach 
beyond the true soil material. Its high absorptive power secures crops against 
injury from drought. Two bales of lint per acre can be produced on these soils with 
fair cultivation and good seasons. 

In South Carolina the ridge lands and the soils of the Eed Hill forma- 
tion, covering an extensive area in the central and eastern portions 
of the State, are types of the most productive and most certain 
cotton soils, under good treatment, of any in the State. These soils, 
which may be considered a type of the finest cotton soils of that 
locality, contain from 25 to 30 per cent of clay and 40 per cent of silt. 
In the Korth this would make a very fair quality of wheat land. These 
soils maintain on an average during the growing season about 10 or 12 
per cent of moisture for the cotton crop. 

The Sea Island cotton is best adapted to a very different kind of soil. 
The best soils for this variety are light, fine-grained, sandy soils, con- 
taining from 4 to 8 per cent of clay, from 4 to per cent of silt, and 
from 75 to 90 per cent of fine sand. Soils of this character from James 
Island maintained during two growing seasons about 5 per cent of 
moisture and are very different from the best type of soils adapted to 
the upland cotton. 

The foregoing is a concise statement of the present views of the 
relation of climatic conditions and of soils to cotton production rather 
than an attempt to describe the individual soil formations. In the cot- 
ton report of the Tenth Census the principal soil formations of the 
cotton-producing States are very elaborately described, and form the 
basis for very valuable investigations.^ 

It is believed that this discussion of the principles will be of more 
value than a description of the agricultural features of the different 
soils of the cotton belt, as it is more suggestive both to the practical 
farmer in his study of the best methods of dealing with his land and 
to the investigator who wishes to continue the study of the important 
problem presented in the relation of climate and soils to cotton 
production. 

Comparatively little work has been done in this country upon the 
physical properties of the soils of the cotton belt. Quite a number of 
mechanical analyses of soils were made by Hilgard's method for the 
report on cotton for the Tenth Census, but there is little attempt at 
an interpretation of these results, and in all that mass of literature 

^ See also chapter on culture, p. 225. 
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very little attention has been given to tbe physical properties of the 
soils. Very little work has been done since then upon the study of 
the structure or i)hysical properties of the soils of the cotton belt. 

TYPICAL. SOILS OF THE COTTON BELT. 

As already noted, chemical examination of the soils of the cotton 
region has been more complete than physical studies. The following 
tables, compiled from Hilgard's report in the Tenth Census, referred to 
above, give the chemical analyses of representative samples of subsoil 
from the typical soil areas in all the States in which cotton is exten- 
sively grown. For a complete compilation of analyses the reader is 
referred to the original report. 

Classification of the typical soil areas of the cotton States. 

[The numbers refer to samples in the accompanying tables of analyses.] 



Metamorphic region : 
Red lands. 
Gray lands. 



Coal Measures region. 
Tennessee Valley region : 

The barrens. 

The red valley lands. 



ALABAMA. 

Middle division. 

Coosa Valley region : 
Flatwoods. 

Brown-loam and red-clay lands. 
Gray cherty lands. 

Northern division. 

Tennessee Valley region — Continned. 
Sandy land of the Little Moantain 
range. 



Oak and pine uplands region: 

Oak and hickory uplands, with short- 
leaf pine. 
Gravelly hills, with long-leaf pine 

(3, 9, 20). 
Oak and hickory uplands, with long- 
leaf pine (140, 94, 92). 
Central or upper prairie region : 

Black prairies or canebrake (30, 16). 



Southern division. 

Central or upper prairie region — Cont'd. 

Hill prairies (13). 

Blue-marl lands. 
Post- oak flatwoods region (25, 17). 
Lime hills or lower prairie region 

(139, 90). 
Long-leaf pine region (88). 
Alluvial region. 



ARKANSAS. 



Alluvial lands : 

Mississippi and St. Francis alluvial 

region (219). 
Arkansas River bottom (275, 284, 

390, 427, 416). 
White River lands (246, 384, 441, 

'233). 
Saline River lands (337). 
Red River bottom lands ('359). 
Poplar ridge lauds east of White 

River (222, 447, 434). 
Gray-silt prairies of eastern Arkansas 

(323, 434, 468). 
Yellow loam and sandy pine-hills region : 
Gray sandy (350). 



Black prairie of the Southwest (328). 
Red-loam region, rocky, and hill lands: 
Gray and red loam timbered lands 

(314, 393, 317, 302). 
Western and central red-loam prairie 

region (353). 
Northwestern red prairie (254). 
Metamorphic soils (402). 
Northern barrens and hills region : 

Siliceous lands of chert, sandstone, 

and limestone (287, 308, 293, 242). 
Barrens and cherty magnesian lime- 
stone lands (266, 257, 250). 
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GEORGIA. 



Northwest Georgia : 

Gray sandy lands of the metamorphic 
border. 

Flatwoods. 

Ked-clay lands. 

Gray siliceous soils of the ridges. 

Brown and red loams (517). 

Yellow-clay lands. 

Sandy table or mountain lands. 

Alluvial lands. 
Metamorphic or mineral region (Blue 
Ridge) : 

Gray sandy lands (212, 82). 

Red lands. 

Gray granitic lands (288). 



Metamorphic or mineral region (Blue 
Ridge ) — C on tin ued. 

Flatwoods. 
Central cotton belt : 

Sand and pine hills or border region. 

Oak, hickory, and pine uplands (165, 
182). 

Red-clay hills. 
Long-leaf pine and wire-grass region: 

Lime-sink or clay lands (500). 

Sandy pine barrens (509). 

Pine and palmetto fiats. 
Coast region : 

Savanna lands. 

Live-oak and coast lands (511). 



LOUISIANA. 



Alluvial region : 

Alluvial region north of Red River 
(238). 

Red River bottom region (39). 

Alluvial region south of Red River. 

Tidewater region. 

Marsh lands. 
Bluff region. 
Attakapas prairie region : 

Black calcareous prairie (230). 

Brown-loam prairie. 

Gray silt, or pine prairies (195). 



Long-leaf pine region : 

Pine flats. 

Pine hills (134). 

Anacoco prairie. 
Central prairie region. 
Oak-upland region : 

Red lands (231, 184). 

Brown loam. 

Pale loam (232). 

Pine flats. 



MISSISSIPPI. 



The northeastern prairie region : 

Rotten limestone prairie region — 

Black prairie (172, 125). 

Black-jack prairie. 

Bald prairie (175). 

Ridge soils (141). 

Hickory hummocks (273). 

Sandy upland ridges. 

Bottom soils (177). 
The Pontotoc ridge. 
The flatwoods region : 

Post-oak flatwoods (230). 
White-oak flatwoods (147). 
Yellow-loam or oak upland region : 
Flatwood hills (119). 
Sbort-leaf pine and oak uplands (142) . 
Red lands (246). 
Sandy oak uplands (228). 
Brown-loam table lands (216). 
Bottom soils of the yellow-loam re- 
gion (156). 



The alluvial region of the Mississippi : 

Yazoo basin. 

Dogwood ridge (396). 

Sunflower basin (376). 

Deer Creek region (390). 
The cane-hills region : 

Bottom or valley soils of the region 
(117). 

Oak uplands belt (237, 116). 
Central prairie region : 

Soils of the central prairie region — 
Black prairie soils (188,210,44,40). 
Gypseous and hog- wallow prairie 
soils (242, 38). 
Sandy ridge lands. 
Marls of the central prairie region. 
Long-leaf pine region : 

Long-leaf pine hills (205, 292, 361, 

181). 
Pine-flats region. 
Coast marshes (214, 88, 90). 



Seaboard region (21, 25). 
Long-leaf pine region: 

Sandy pine barrens. 

Level and rolling upland pine woods 
(13, 17, 37). 



NORTH CAROLINA. 

Long-leaf pine region — Continued. 

Pine flats (11). 
Oak upland region (2). 
Transmontane region. 



Coast region. 
Lower pine belt. 
Upper pine belt. 
Bed bills. 
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Sand billH. 
Metamorpbic regain. 
PiedmoDt region. 



Miasiuippi bottom. 
Upland of west Teonesaee; 

Bluff region (16,17). 

Urowu, loam table-lands (235). 
Western rallej' ol'Tenuessee Biver 



TXXXESfiEE. 

Highlaotl Titn. 
Central baain: 

Central limestone soils (2, 8). 

Ortliis limestone lands (12, 14). 

Mulatto laoda (10). 



The tjnibered upland: 

Sliurt-leaf pine (1). 

Tbe red bills (4,6). 

Oak and hickory uplands (3). 

Pra,iri(!S of tbu timbered region- 
Sand j prairies (7). 
BrowD-loum prairies (31). 

Long -leaf pine region. 

The cross timbers (npper and lower). 

gouCberti coust prairies. 

Kaat of the Krazoe (9, 10). 

Wtst of tlie Brazos (11). 

Southwest prairie and sandy deserts. 
Central black prairie region; 

Hog- wallow. 

Block sandy prairies (12). 

Analyiei of tj/picat ao 



Central black prairie region — Cont'd. 

lilack wasy prairies (15, 14). 
Nortliweatern red -loam region (16). 
Western aud northwestern region : 

Gypsum region. 

Llano estacado or staked plain. 

Mountainous region of west Texas- 
Alluvial or river lands : 

lied River lands (40). 

Sabine and Trinity river lands. 

Brazos Kiver lands ("sugar bowl") 
(19). 

Colorado, San Saba, Guadalupe, San 
Antouin, Keoces, and Rio Grande 
rivet lands. 
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Analsses of tj/pical s<riU 0/ the cotton Statet — Continued. 
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Jnalgin of Igpical noiU of the cotton Staltt — ContlDued. 
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AnatifBes of tjfpieal aoils of ike cotton Staie$ — Continued. 
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TEXAS— continued. 
Timbered uplaiuU — Cont'd. 
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THE MANURING OF COTTON. 

By H. C. White, Ph. D., 

President and Professor of Chemistry of the Georgia State College of Agriculture and 
Mechanic Arts, and Vice-Director and Chemist of the Georgia Experiment Station. 

HISTORICAL. 

In the early liistx)ry of cotton culture in the United States the great 
bulk of the crop was made with practically no artificial manuring. 
The natural fertility of the soil was depended upon to furnish the plant 
food needed by the crop. Such attempts as were made to increase the 
natural productiveness of the soil were mainly in the direction of im- 
proved mechanical tillage. Even such attempts were, however, limited 
in scope and imperfect in character. The large area of virgin land in 
the cotton-growing States, its cheapness, and the peculiar character 
of the labor employed in cotton culture made it apparently (and proba- 
bly actually) more profitable to cultivate a given area for a few years 
only and, when it was ^^worn out,'' to abandon it and bring fresh lands 
into cultivation. The cheapness of slave labor, the peculiar adapta- 
bility of the negro slave to the climatic conditions of most of the cot- 
ton-growing States, and the necessity of providing employment for the 
rapidly increasing numbers of slaves — furnishing a labor which, while 
muscular, was relatively unintelligent — conspired to maintain a system 
of culture in which the necessity for providing by judicious fertiliza- 
tion against the depletion by continuous culture of a given body of 
land was not recognized, or, if recognized; the process was deemed 
impracticable or relatively unprofitable. The small demand made by 
cotton as compared with other crops upon the plant food of tne soil 
was, moreover, well known as the result of experience, and the best 
lands of Southern plantations — those which were naturally most fer- 
tile — were as a rule reserved for corn, wheat, and other supply crops 
so far as was necessary, and the residue given over to cotton culture* 
For the same reason and because, moreover, of the clean culture nec- 
essary for cotton with which excessive growth of grass and weeds 
would interfere, such home manures, as stable manure, etc., as were 
saved upon the plantations were, when used at all, devoted to the corn 
and grain lands and practically none applied to cotton. The quantity 
of such manures made was in any event small, as the stock and cattle 
upon cotton plantations were as a rule limited in numbers to the bare 
needs of the plantations, and the mildness of the climate rendered 
unnecessary such careful housing of farm animals as would conduce to 

169 



170 THE COTTON PLANT. 

the saving of manure. Cotton seed was produced in large quantities 
as a necessary by-product of the cotton crop, and, at the time, the sur- 
plus not needed for seeding had no value except for manurial purposes 
in the crude form. 

An examination of the agricultural journals published in the cotton- 
growing States previous to, say, 1845, shows that the manurial value 
of stable manure, cotton seed, and similar materials was quite as well 
known to the cotton planter as to farmers elsewhere at the time. 

Under the system of extensive culture found profitable with an abun- 
dance of cheap, fresh lands and rapidly increasing possession of slave 
labor, the econoulic question presented to the cotton planter was the 
cost of transporting bulky materials of comparatively small manurial 
value versus that of clearing new lands as an avenue of employment 
for his labor. The question was neither ignored nor untested. Numer- 
ous instances are recorded of experiments upon the subject by leading, 
intelligent planters. Experience determined the policy in favor of fresh 
lands, and stable manure and cotton seed came to be regarded as not 
worth the cost of handling as fertilizers for the cotton crop. They 
were used to considerable extent upon gardens and under grain crops, 
but only in rare instances with cotton. Especially was this true of 
cotton seed, which, in addition to its superiority in manurial value over 
stable manure, was collected in large quantities at the gin houses, and, 
thus accumulated, was more cheaply handled. Various methods were 
used in applying cotton seed as a manure. Upon small areas the green 
seeds were sometimes scattered broadcast and plowed under. More fre- 
quently they were applied in drills or furrows, in varying quantities and 
at different depths. It was generally considered judicious to kill the 
seed before using for manure, to prevent aftersprouting and to secure 
material in better mechanical condition for handling. This was accom- 
plished in various ways. A common i^ractice was to pile the seeds in 
large heaps and allow them to stand for several months exposed more 
or less to the weather. The heat of partial germination would kill the 
seed and the mass would undergo a process of rotting. The heap was 
cut down in the spring and the rotted material applied to the land. 
There was, of course, great manurial waste in this process. Frequently, 
on cutting down such heaps, the odor of escaping ammonia was so 
strongly developed as to be noticeable at considerable distances from 
the heap. 

While the cotton crop of itself received practically no artificial fer- 
tilization at all, the lands designed for grain and supply crops were 
manured and otherwise treated in much the same manner as obtained 
for similar crops elsewhere, so far as the prevailing conditions per- 
mitted. The manurial value of soiling crops (especially clover ami 
peas), of fallowing, and of rotation was well understood, and such 
nicthods of soil improvement were in many instances i>racticed. As 
population increased and fresh lands became less abundant, higher in 



THE MANURING OF COTTON. 171 

price, and more diflBcult to acquire, cotton, to some extent, was given a 
place in the rotation of crops, and thus benefited by the fertilization 
applied to previous crops. In the main, however, the great bulk of the 
cotton crop previous to 1860 may be said to have been grown without 
artificial fertilization and mainly upon virgin soils. 

As a matter of fact, previous to the civil war, the best lands of 
the plantations were devoted to food crops, and they, were manured 
and tilled as judiciously as the conditions permitted and the then state 
of knowledge of scientific agriculture indicated. The profit in the slave 
depended upon the finding of a market for his labor, and the best 
market afforded was an extension of the area of cultivatable lands 
devoted, in their fresh state, to the production of a crop readily con- 
vertible into money, peculiarly suited (as the slave himself) to the 
climate, and in the cultivation of which muscular labor should count 
for much and intelligence and science for but little. Under the cir- 
cumstances, there was no profit discernible in the artificial fertilization 
of a cotton plantation or even in attempted preservation of its original 
fertility, and as the cotton planter naturally planted for present gain, 
with but small consideration for the prosperity of posterity, the cotton 
crop of the United States previous to 18G0 was, in the main, made by 
skimming the virgin soil of the cotton States, the production depend- 
ing upon the natural fertility of the land. 

In 1845 Peruvian guano was first introduced into the United States. 
In 1846 Mr. David Dickson, of Hancock County, Ga., '' saw an adver- 
tisement in the American Farmer, Baltimore, of the wonderful effects 
of Peruvian guano. [HeJ procured three sacks and used it, and finding 
it paid used it in increasing quantities till 1855 or 1856, and then went 
into it fully." This was probably the first instance of the use of a con- 
centrated fertilizer in the cotton-growing States upon crops of any 
kind, and certainly the first instance of such use with co^^on. Mr. 
Dickson's first experiments with Peruvian guano were upon a small 
and judicious scale. He applied it to cotton only upon his best cotton 
lands in comparatively small quantities, and always in the drill. 
When he "went into it fully" the amount he used was rarely as much 
as 200 pounds per acre. The successful experience of Mr. Dickson and 
other prominent planters, who speedily followed his example, led to 
very numerous experiments with Peruvian guano as a fertilizer for cot- 
ton. The history of this famous stimulant manure as a cotton fertilizer 
in the Southern States was similar to that which it had experienced in 
connection with other crops elsewhere. For a year or two the results 
of its use were not only satisfactory but surprising. Subsequently the 
rapid and excessive growth of weeds, with all the attendant dangers in 
a region subject to severe drought, was not attended with a corre- 
sponding yield of fruit, and the reputation of the guano suffered accord- 
ingly. It was suggested that the active stimulant effect of the manure 
might be overcome by burying the guano deep in the soil, and for a 
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while this plan was followed quite extensively. It was not found sat- 
isfactory, however, and many entirely abandoned the use of Peruvian 
guano as unprofitable. The dangers attending the use of Peruvian 
guano as a fertilizer when applied alone were, perhaps, more speedily 
and more strikingly manifested in the case of cotton than of most 
other crops with which it was used, because of the initial poverty of 
the generality of cotton lands, their deficiency in organic matter, the 
clean culture of the crop, and the heat and droughts of the region in 
which it was cultivated. 

In 1860 came the civil war and almost simultaneously the introduc- 
tion into commerce on a large scale of chemical manures, as a result of 
the investigations and teachings of Liebig, the discovery of phosphate 
deposits, and the opening of the German potash-salts beds. The results 
of the war, the abolition of slavery, and the introduction of chemical 
manures completely revolutionized the methods of cotton culture in the 
Southern States. Up to that date the principal capital of the cotton 
planter had been the controllable labor of his numerous slaves, the 
field of its employment — cheap virgin lands — requiring scarcely any 
other capital for their profitable cultivation. Now his chief and almost 
sole possession was an extensive domain of worn-out and abandoned 
land, robbed of its original fertility by the butchery of previous culti- 
vation and offering scant promise of productiveness at the hands of the 
recently emancipated, unskilled, and irresponsible freedman. Under 
these circumstances the chemical manure, furnishing plant food in a con- 
centrated form at comparatively small cost, easy of application, guaran- 
teeing a fairly good crop from even the poorest and most exhausted 
soil with a minimum expenditure of labor in cultivation, and requiring 
no special skill in its manipulation, was hailed as an agent admirably 
and peculiarly suited to the necessities and the new conditions of the 
cotton planter. The obligation no longer rested upon thr planter to 
devote his chief attention and his best lands to the production of food 
crops for his labor. Cotton was a crop for which there was great 
demand at good prices and immediate cash payments. An enormous 
impetus was, in consequence, given to cotton culture in the former 
slave States. Concentrated manures made such culture possible and 
profitable, and almost immediately came into well-nigh universal use. 
Since the close of the civil war to the present time practically all the 
cotton cultivated in the United States, with the exception of compara- 
tively small quantities grown upon the alluvial soils of great river bot- 
toms and occasional areas of newly cleared land, has been fertilized 
with concentrated manures. Probably upon no other crop to which 
they have been applied have these manures exercised so great an influ- 
ence as upon cotton. Not only were profitable crops made with them 
upon lands which without them it would not have paid to cultivate, and 
an immense area of worn-out land thus redeemed to culture, but the 
stimulant effect of the manure so shortened the period of growth and 
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maturity of the piaut that tlie climatic limit of culture was exteuded. 
Cotton 800U came to be grown abundantly over large regions where, 
previous to the introduction of sncli manures, killing frosts interveued 
before the maturity and fruitage of the plant. The enormous increase 
in the cotton production of the Uuited States siuce 1860 ia uudonbtedly 
to be credited chiefly, if not exclusively, to the use of concentrated 
nianares. Considering the condition of the laud and the labor system 
of the cotton States at the close of the civil war, it is difficult to con- 
oeive how cottou culture could have been continued or sustained but 
for the use of such manures. 

Undoubtedly all these circumstauces and considerations conspired 
to invest the commercial fertilizer in the estimation of the cottou 
planter with souiethiug of the character of a fetich, and this led, in 
turn, to two natural errors on his part — (1) to attach but little impor- 
tance to dififereuce in chemical composition, quality or character of the 
various compounds offered iu the markets, and {2) to rely too exclu- 
sively upon the fertilizer for the production of his crop. During the 
years of the war, from 1860 to X865, when the Southern farmer was cut 
off fi'om communication with the rest of the world, immense progi-ess 
had been made elsewhere in the study and correct iinderstanding of 
the value of chemical manures, and research and experiment had indi- 
cated approximately the proper qualitative and quantitative compo- 
sition of such manures for general crops. The trade was not slow to 
offer these in so promising a market as the cotton -growing States. 
"Guanos" (some genuine and some so-called), "fertilizers," "complete 
manures,'' aud iiiuuiiLerable compounds uuder suggestive appellations 
which teatilied to the vigorous and pieturesijue imagiuation of the 
American tradesman were ready in waiting at the restoration of peace 
aud were soon poured iu a rapidly swelling flood-upon the cotton plan- 
tations of the South. "Guano" soon came to be (and still is) the pop- 
ular designation for all such manipulated goods. The greater number 
of these were quite similar in character, being mixtures of dissolved 
phosphate, potash salts, and nitrogenous matters (generally organic). 
They differed quite widely in quality, however, ranging, in soluble 
phosphoric acid, from to 10 per cent; in soluble actual potash, from 1 
to 4 per cent, and in nitrogen from 1 to 3 per cent, as well as diffei'ing 
in the sources of the materials of which they were composed. A small 
quantity of the soluble phosphate was obtained from bones; much the 
larger quantity from phosphate rock. The potash salts were mainly 
the German kaiuit aud muriate of potash. The nitrogen compounds 
need were very numerous; mineral salts (sulphate of ammonia aud 
nitrate of soda) and animal matters (dried blood, Ush scrap, tankage, 
etc.) all participated in the construction of these so-called "complete 
manures." Peruvian and other true guanos were offered in moderate 
quantities, both in original conditiou and, profiting by experience, 
ipulated (with dissolved phosphate to " Phospho- Peruvian," for 
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instance) to safer composition for general use. For a number of years 
the choice of a *' guano " was determined mainly by the persuasive 
representations of the seller of the goods or the personal experience 
of the buyer or his friends in their actual use, and the relative prices 
of difl'erent goods were fixed more by the reputation thus gained for 
the ''brand" than by their relative contents of actual plant food. 
Indeed, even when competition and the agreement of manufacturers 
and dealers brought all such manipulated goods to an approximately 
uniform price the variation in quality, as indicated by chemical analy- 
sis, was still ([uite great among them and yet was practically disre- 
garded by the purchaser as a rule. *' (Juano" was <* guano," and aside 
from a slight prejudice (irrational, no doubt, but comprehensible) in 
favor of the dark colored and bad-smelling varieties no great impor- 
tance was iittache:! to its composition or its variations, provided it 
made cotton — which even the poorest in quality of those ofltered was 
quite competent to do. To adopt an oft-used expression, the use of 
*' guano" in cotton culture was the result of revolution," not of '*evo- 
lution," and it is small wonder, therefore, that it was neither strictly 
scientific nor thoroughly efficient. To the cotton planter after the war, 
with sterile lands and his labor system wrecked, *' guano" was offered 
as the one, sole chance for profitable tillage of his soil. It came to him 
apparently full-fledged and perfected. He adopted it in his dire 
extremity. It served him admirably and speedily assured a certain 
measure of prosperity. It is not surprising that he should have been 
slow to inquire into the rationale of its value or indisposed to meddle 
with its composition. Anything like scientific experimentation with 
chemical manures on a large scale in cotton culture was therefore not 
undertaken and was very difficult to secure. The use of such manures 
was largely empirical and necessarily in many cases more or less 
injudicious. 

The ease with which cotton could be produced by the use of such 
manures led, as has been said, to an undue dependence upon them for 
the making of the crop. Proper mechanical tillage was neglected, and 
the previously worn-out lands were again merely skimmed — ^this time 
with the addition of the fertilizer. As a consequence it was not long 
before the great bulk of the cotton lands began to show the effects of 
a continuous, clean, superficial culture in a region subject to torrential, 
washing rains in winter and hot, baking suns in summer. Moreover, 
for reasons above mentioned, cotton raising had become the absorbing 
agricultural occupation of the country. The production of grain and 
other crops, of live stock and domestic animals was neglected, and even 
the necessary food supplies for the family and the labor were purchased 
of the merchant by the very large majority of Southern farmers. Pay- 
ment for these supplies, including the guano that was used, was made, 
as a rule, after the crop was gathered, and thus began the unfortunate 
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credit system, which, by reason of its enormous interest charges in the 
form of "time prices," soon involved the cotton growers not only in a 
stupendous burden of debt, but also in a fixed and ruinous system of 
agriculture from which there seemed no escape. Cotton was the basis 
of credit; no other farm product was acceptable in payment of debts 5 
upon the agreement to produce it credit (at fearful interest charges) 
could alone be had. For the farmer without capital it was cotton or 
starvation; whether he would or no, he was forced to raise cotton; to 
raise cotton required guano; to obtain guano a debt was incurred pay- 
able only in cotton. It is evident that this "all-cotton" system of 
agricultural operations afforded but little opportunity for the making 
and use of farm manures, the growing of soiling crops, rotation, and 
the other aids to culture possible in diversified farming. In the course 
of time the ill-treated soils failed to respond as liberally as at first to 
the application of the concentrated fertilizer; the rapidly falling price 
of cotton, consequent upon the enormous production, decreased the 
purchasing ability of the individual farmer, and a revulsion in public 
sentiment on the subject of fertilizers ensued in which "guano" — the 
chief, the necessary agent in the making of cotton — fell from the high 
estate in which it had been held as the cotton planter's best friend and 
came to be regarded as the cause of all his woes. In the newspapers, 
in public assemblies, in meetings of granges, alliances, and similar 
organizations denunciations of commercial fertilizers were frequent and 
vehement and resolutions galore were unanimously and enthusiastic- 
ally adopted recommending and pledging a restriction of their use. 
Even legislation was invoked to purge the body politic of the suspected 
source of current ills, and in the legislatures of a number of the cotton 
States measures were introduced (although none, so far as can be ascer- 
tained, were actually enacted) designed to hamper or suppress the 
guano trade or to make the legal test of the genuineness of a commer- 
cial fertilizer the actual profit derived from its use. 

What declamation, resolutions, and legislation were powerless to 
.achieve, however, necessity slowly accomplished, a recasting of the plan 
of farming operations upon the cotton farips. By degrees the acreage 
of cotton was relatively decreased. Food supplies, stock, and cattle 
were raised. The cotton planter endeavored to "live at home" and 
niake the cotton his " surplus crop." Cotton, in many instances, was 
entirely abandoned and replaced by fruit, truck, and other crops. With 
the diversification of crops came better tillage, renovating crops, home 
manures, and a better understaiiding and more judicious use of concen- 
trated fertilizers. To this improved condition the major part of the 
cotton States have attained at the present time.^ 

In the meanwhile numerous agencies had been at work in the cotton 
States looking to the study of the scientific culture of cotton and a 

^ See also article on culture of cotton, p. 225. 
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dissemination of a knowledge of the principles of agricultural chem- 
istry which at this period exerted so potent an influence in all the 
processes of agriculture and particularly in the methods of manuring 
crops. Not a few of the leading and most intelligent cotton planters 
speedily informed themselves of the progress the world had made dur- 
ing the wartime isolation of the cotton States and began to make 
intelligent application of this knowledge to their own conditions. 
Numerous agricultural journals were established and devoted large 
portions of their space to the discussion of the subject of the fertiliza- 
tion of cotton and especially of the use of chemical manures. Land- 
grsint colleges, provided for by the act of Congress of 1862, were now 
established in the cotton States, which, during the war, had been excluded 
from the benefits of the Federal legislation, and did much to popularize 
a knowledge of the natural sciences pertaining to agriculture and to 
enlighten the people on the subject of commercial fertilizers and the 
nature and proper mode of use of chemical manures. Experiments 
of a more or less tentative character were carried on at some of the col- 
leges; plant and other analyses were made and published; and the 
beginning was thus made in the study of the scientific fertilization of 
cotton. Finally, when, in 18S8, agricultural experiment stations were 
generally established in connection with the colleges, a liumber of 
these — notably those of Alabama, Arkansas, Georgia, Louisiana, Mis- 
sissippi, North Carolina, South Carolina, and Tennessee — entered upon 
careful and systematic study of the subject. 

Following the plan previously adopted in some of the Northern States, 
legislation was enacted in most of the cotton States providing for the 
"official control" of the sale of commercial fertilizers, committed vari- 
ously to departments, bureaus, or boards of agriculture, and, in some 
instances, to the colleges of agriculture. These laws — in most cases 
prescribing minimum contents of valuable chemical ingredients in the 
fertilizer admissible to sale — were intended only to guarantee the gen- 
uineness of the manure and to guard the purchaser against imposition 
in the composition of the goods. They were educative, however, in 
that they made familiar the chemical terms " available phosphoric acid," 
^'potash," "nitrogen," "ammonia," etc., and thus aided the popular 
apprehension of the functions of the manure. 

As early as 1858 Mr. Dickson (hereinbefore referred to) "treated 
bones with acid, according," as he says, " to the practice of English 
farmers," and used the compound, either alone or mixed with Peruvian 
guano, under cotton. Later he used commercial "dissolved bone," and 
experimented largely with it and other commercial manures. In 1869 
he published a little book, Dickson's System of Farming, consisting 
largely of a collection of his contributions to current agricultural 
journals, which had at the time a wide circulation and excited consid- 
erable interest. In it he strongly recommends good tillage, renovating 
crops, and rotation, and does not underestimate the value of " home 
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manures,'' but attaches prime importance to the use of chemical manures 
as fertilizers for cotton, on which subject he says : 

After twenty years of diligent research and study of the laws of nature as applieu 
to agriculture, with the experimental use of Peruvian guano and other guanos upon 
soils and crops, I have determined upon the following combination of commercial 
manures as the best and most valuable for all crops :* 

Formula, *^ Dickson's compound," 

Pounds. 

Peruvian guano 100 

Dissolved bones , ^ 100 

Common salt 100 

Land plaster 50 

Well mixed. 

This compound I have now been using for many years upon all my farm crops, and 
unfailingly with satisfactory results. In my hands, and under my system of farm- 
ing, this compound has never failed to grow me good crops and bring me satisfac- 
tory dividends. It has always paid me, and my clear " profits have always been 
larger in proportion to the amount of the compound applied— up to 1,000 pounds 
per acre. I have long since learned not to fear failure of making paying crops, no 
matter the season. 

Subsequently Mr. Dickson modified this formula somewhat for cot- 
ton, as follows : 

Pounds 
per acre. 

Dissolved bones 250 

Peruvian ^uano : 165 

Land plaster 100 

This formula was based, of course, upon no accurate study of the 
cotton plant and its requirements, but was merely such a fairly well- 
proportioned mixture of concentrated manures as experience had shown 
to be profitable. Other writers were inclined to dispute the impor- 
tance he attached to Peruvian guano, suggesting other combinations of 
the commercial fertilizers available, and the battles of the "humus," 
"mineral,'' and other theories of fertilization were fought over in the 
agricultural journals without much, if any, careful and genuine experi- 
mentation. Nevertheless, " Dickson's compound" and similar mixtures 
were used to a considerable extent, and no doubt with profit. 

For a few years subsequently to 1877 "composts" attained consider- 
able celebrity as fertilizers for cotton, chiefly through the practice 
and writings of Mr. Parish Furman, of Baldwin County, Ga. Eecog- 
nizing the nitrogenous content of cotton seed and stable manure, it was 
recommended to compost these with acid phosphate and potash salts 
and thus cheapen the cost of the "complete fertilizer" as compared 
with that of the "ammoniated" guanos sold by the manufacturers. 
The original formula for a compost recommended by Mr. Furman. was 
as follows : 

Furman^ 8 formula. 

Pounds. 

Barnyard manure 750 

Cotton seed 750 

Acid phosphate 367 

Kainit '. 133 

2,000 
To be used at the rate of from 400 to 800 pounds per acre. 

1993— No. 33 12 
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These exact proportions were not always followed by those who 
adopted Mr. Furman's general suggestion. 

The general plan of making a compost was to put down on an earthen 
floor a layer (usually of about 20 bushels) of stable manure, then a layer 
(20 bushels) of cotton seed,.then a sack (200 pounds) of acid phosphate^ 
with occasional addition of kainit or muriate of potash ; then repetition 
of the layers to any extent desired, covering the whole frequently with 
a layer of absorbent earth. The compost heap was protected roughly 
from the weather, frequently in a latticed pen, and kept moderately 
moist. It was put up in the autumn immediately after the close of the 
ginning season and allowed to stand until spring. It was then cut 
down, mixed, and applied in the drill. It was assumed that the partial 
rotting of the compost in the heap would improve its quality as a 
manure. Subsequently it was doubted whether this improvement was 
suflBcient to compensate for the trouble and cost of making the heap, 
and the green cotton seed, stable manure, and acid phosphate were 
composted (i. e., simply mixed together) in the drill at the time of apply- 
ing the fertilizer, immediately or a short while before planting. Com- 
posting, both in the heap and in the drill, is still practiced to a 
considerable extent, although probably not so laigely, relatively, as 
when first introduced, and large quantities of stable manure and cotton 
seed especially are thus used in the fertilization of cotton. 

Between 1870 and 1880 a large number of cotton-seed oil mills were 
erected in the cotton States. These threw upon the market, at com- 
paratively low prices, a large quantity of cotton-seed meal, for which 
the stock and cattle of the country did not furnish a sufficient market 
for complete utilization as a feeding stuff. Numerous experiments 
demonstrated the suitability of cotton-seed meal as an *^ammoniater'^ 
in fertilizers for cotton, and it was used in increasing quantities by the 
manufacturers of ammoniat^d fertilizers. At the present time it is 
probably the most largely used source of nitrogen in the commercial 
and other concentrated manures applied to cotton. 

As popular understanding of the composition and functions of chem- 
ical manures increased, greater variety and discrimination were observed 
in the purchase of commercial fertilizers. The cotton i)laiiter was for- 
tunate in having immediately at hand the main constituents of manip- 
ulated manures. Acid phosphate was made in large quantities at 
Charleston, from the South Carolina phosphate rock, and subsequently 
at numerous other points in the Southern States, from both South 
Carolina and Florida rock. Cotton-seed meal was produced at th^ 
numerous oil mills in the South. German potash salts were imported 
direct into Southern ports, and a limited supply of ashes rich in potash 
(15 to 25 per cent) was furnished by the oil mills which used cotton- 
seed hulls largely for fuel. Many cotton planters began to purchase 
these raw materials of chemical manures and use them, either sepa- 
rately, or, more generally, mixed in such proportions as experience (or 
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perhaps, more truly, reference to the average analyses of the commer- 
cial ammoniated fertilizers) seemed to indicate as best suited to the re- 
quirements of the cotton crop. Numerous "formulae" were used, none 
of them professing to be based upon accura*te information furnished by 
strictly scientific experimentation, but providing the approximate pro- 
portions of available phosphoric acid, potash, and nitrogen which 
research and experiment elsewhere had shown to be adapted to crops 
in general. The following is a typical example of the mixtures used.' 

Pounds. 

Acid phosphate 1,200 

Cotton-seed meal 600 

Kainit 200 

2,000 

If muriate of potash or cotton-hull ashes were used in place of kainit, 
the amount was usually smaller and the proportion of acid phosphate 
correspondingly increased. 

As the raw materials varied somewhat in quality these mixtures also 
varied in analysis, ranging, in general, from 7 to 10 per cent of avail- 
able phosphoric acid, 2 to 4 of nitrogen, and 1 to 3 of potash. Such mix- 
tures appeared to give generally satisfactory results with cotton, and 
were and still are used quite extensively in all the Southern States. 
The cotton-oil mills as a rule were willing to exchange cotton-seed 
meal for cotton seed, generally at the rate, approximately, of 1 pound 
of meal for 2 pounds of seed, and the mixing of chemical manures on 
the farm was thus encouraged. 

Subsequently to 1885 the relative quantities of acid phosphate (with 
or without a small content of potash) purchased by the cotton growers, 
as compared with the amounts of ammoniated guanos, largely increased, 
indicating an effort to supply the crop with its nitrogenous nutriment 
by use of soiling crops, stable manure, green and rottexl cotton seed, 
and other home manures. 

SCIENTIFIC EXPERIMENTS BEARING UPON THE MANURING OF COTTON. 

With the establishment of agricultural experiment stations in 1888 
systematic experimentation in the fertilization of cotton began, mainly 
at or under the auspices of the stations in the cotton States. These 
experiments have been diverse in character, varied in conditions, and 
unequal in the attention, care, and length of time devoted to them. 
They have added much of great value to our accurate knowledge on 
the subject, and have indicated certain conclusions which may be pro- 
visionally accepted with some degree of confidence. Upon many points, 
however, they have not yet afforded positive and definite conclusions. 
The apparent results of the experiments are in many cases contra- 
dictory and in many more inconclusive. This is not to be considered 
surprising, inasmuch as the experiments, without exception, have been 
field experiments, subject to all the contingencies, inconsistencies, and 
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misleading results incident to work of this description. No pot or 
water culture of cotton seems to have been undertaken ; at any rate no 
results of such experiments have been published. 

Kesearch and experiments at the stations bearing upon cotton culture 
have covered a wide range of investigation. 

Of these experiments nothing need here be said further than to 
note, as bearing upon the subject of the fertilization of cotton, certain 
results of the chemical analysis of the plant, as follows:^ 

Fertilizing constituente contained in a crop of cotton yielding 300 pounds of lint per are. 



Constituent. 



Nitrogen 

Pliospnoric acid 
Potassium oxid 



Amount pei acre. 



In 654 In 404 In 575 In 658 In 250 ' !,o„'®iJ 
pounds ])ounds i pounds pounds , pounds ' total 
seed, bolls. ' leaves. stems. I roots, i !_ 



In 300 
I>oundH 
lint. ^ ^. ^j.^j^ 



]*er cent. \ Per cent. Per cent, i l*er cent. Per cent. Per cent. ' Per cent. 
0.72 I 20.08 4.50 ! 13.85 

.18 I 6.66 1.14 I 2.57 

2.22 7.63 12.20 6.57 

I i 



5.17 


1.62 


45.04 


1.22 


.38 


12. 


15 


7.74 


2. 75 


39. 


11 



[The averapje production of cotton per ucre is much less than 300 pounds of lint — probably some- 
thing less than 200 pounds. A calculation accordingh' can, however, easily be made fnmi the figures 
given above.] 

The station experiments bearing directly upon the fertilization of 
cotton may be roughly classified, by the end in view, as follows: 

(1) To test the yield and profit from the use of fertilizers as com- 
pared with unfertilized soil. 

(2) To test the comparative values of commercial fertilizers and 
home manures. 

(3) To determine the kind of fertilizer (chemical manure) best suited 
to cotton. 

(4) To determine the amount of fertilizer giving best results. 

(5) To determine the best mode of application of the feitilizer. 

(6) To determine the best time of application. 

(7) Miscellaneous. 

Omitting mention of such experiments as were manifestly unreliable 
by reason of accident, omissions, lack of care and attention, or from 
other causes, a succinct review of the results obtained in these several 
lines of exi>eriinentation is here presented. 

YIELD AND PROFIT FROM THE USE OF FERTILIZERS ON COTTON AS COMPARED WITH 

YIELD AND PROFIT FROM UNFERTILIZED SOIL. 

The results of experiments instituted on this line vary greatly with 
the nature of the soil, the seasons, the culture, and the kinds and 
amounts of manures employed. With the exception of those upon one 
class of soils, however, they all agree in demonstrating that large 
profit attends the judicious manuring of cotton. The exception is in 
the case of the "black prairie" or "canebrake" soils of the alluvial 
formations of the Gulf States. Experiments upon such soils at the 
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Alabama^ stations indicate that no compensating returns may be 
expected from the use of manures ''except crushed cotton seed and 
cotton-seed meal, and even with these the returns are small." Drain- 
age and good mechanical tillage seem to be the chief need of these 
soils. Upon other soils of Alabama, however, *' the percentage of profit 
from a judicious use of fertilizers,followed by intelligent cultivation, is 
most satisfactory." Upon a ijoor sandy soil, with no retentive clay 
within 3 feet of the surface, " even with unusual expense for fertilizers, 
the increase resulting from the use of commercial manures paid 85 per 
cent profit on cost." 

Experiments made under direction of the Arkansas Station indicate 
that " fertilizers are generally remunerative," the percentage of profit 
ranging from 20 to 180. Five hundred pounds per acre of rotted cot- 
ton seed gave a net profit of $3.93. Five hundred pounds each of cotton 
seed (at $6.50 per ton) and cotton-seed meal (at $20 per ton) gave equal 
financial profit. 

At the Georgia Station the use of commercial fertilizers was almost 
always profitable, the percentage of profit ranging from 5 to 250. 

The stations of Louisiana, Mississippi, !North Carolina, and South 
Carolina obtain similar results from experiments, and Indicate that 
*Hhe application of fertilizing material to cotton seems, with few excep- 
tions, to be profitable." 

W. B. Dana^ states that in 1878 "the increased productiveness due 
to the use of commercial fertilizers is estimated to be 60 per cent. The 
eHect does not all pass off the first season, but in about the proportion 
of 70 per cent the first year, 20 per cent the second year, and 10 per 
cent the third year." ^ 

To the teaching of these specific experiments may be added the gen- 
eral experience of the great bulk of the cotton planters, and it may be 
accepted as proven that cotton responds favorably to artificial manur- 
ing, and that upon most of the soils of the cotton States all kinds of 
manures, including concentrated commercial fertilizers at the prices at 
which they are commonly held, are profitable when judiciously used. 

COMPARATIVE VALUES OF COMMERCIAL FERTILIZERS AND HOME -MANURES. 

Results of experiments on this point also vary considerably with the 
soil and season. 

In Alabama, green manuring appears to have been most profitable 
upon both prairie and sandy soils. Peas and melilotus both gave 
good results; pea vines appeared to be the best fertilizer for cotton ; 
peas were more economical for green manuring for one season, 

^For convenience, reference is omitted to the specific title and page of authorities 
consulted in the preparation of this article. A short bibliography of the subject is 
given at the end of the article which embraces all the authorities to which reference 
is made or from which (xuotations are taken. 

"Cotton from Seed to Loom. 

^Hammond estimates that in 1889 627,899 tons of fertilizers were used on cotton in 
the United States, and that the use of this amount of fertilizer resulted in an 
increased crop of 728,337 bales of seed cotton, or a little over 9 per cent of the crop 
of that year. 
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melilotus for two; stable manure generally gave good results^ lasting 
in effects; upon canebrake soils, both drained and undrained^ crushed 
cotton seed and stable manure each gave small returns^ commercial 
fertilizers none. Upon a field with sandy soil which had not been culti- 
vated for many years stable manure, contrasted with chemical manures 
of various kinds and in various proportions, produced the largest increase 
and the largest profit per acre, but it was noted that the amount 
applied was at the rate of nearly 2 tons per acre, or one-half ton more 
than the amount annually saved from each mule kept. "There is no 
question about the efficacy of good stable manure properly used, but 
the available supply is too small." 

In Arkansas, cotton seed and cotton-seed meal gave best results 
when tested against acid phosphate and kainit separately. On worn 
sandy bottom lands almost continuously planted in cotton for thirty 
years cotton-seed meal and stable manure each gave better results than 
chemical manures, and better results when used alone than when mixed 
with acid i)hosphate and kainit. ^^ There is no better fertilizer for cotton 
than stable and barnyard manure." Other experiments indicated, how- 
ever, that stable manure (from feeding cotton seed and pea-vine hay) 
extended the growing season of the i)lant, delayed maturity of the 
crop, and hence decreased the possible yield and profit. 

In Georgia, cotton seed and stable manure alone were found unprofit- 
able as compared with the same composted with acid phosphate, and 
gave less profit, when used in amounts of equal cost, than chemical 
manures. 

In Louisiana, cotton seed and stable manure alone were of doubtful 
profit as compared with chemical manures. "Manure from the farm 
should be reenforced with cotton-seed meal and composted with acid 
phosphate. * * * The compost is the best manure in the world for 
cotton." The formula recommended for the compost is — 

Green cotton seed bushels. . 100 

Stable manure do 100 

Acid phosphate pounds . . 2, 000 

Almost as effective as the compost was a homemade chemical manure^ 
constructed as follows : 

Pounds. 

Acid phosphate 1, 100 

Cotton-seed meal ' 700 

Kainit 200 

In Mississippi, commercial fertilizers were more profitable than stable 
manure or cotton seed alone, but paid best in connection with an abun- 
dance of organic matter. Composts variously proportioned gave best • 
results. 

In North Carolina, barnyard manure was found to be especially effect- 
ive, partly on account of its after effects, and somewhat the best of all 
fertilizers. Its first cost ($1 per load), however, detracted from the 

ofit, and a combination with acid phosphate was much more profitable. 
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Home composts gave generally good results, and next to these a home 
mixture of— 

Pounds 
per acre. 

Acid phosphate 200 

Cotton-seed meal 100 

Kainit 50 

KIND OF FERTILIZER (CHEMICAL MANURE) REQUIRED BY OR BEST SUITED TO COTTON. 

Assuming phosphoric acid, potash, and nitrogen in suitable compounds 
to be the three chemical substances proper and possible to be used in 
the fertilization of cotton, the experiments have been mainly conducted 
with a view to determine the relative importance of these, the best form 
of each (i. e., of the compounds available in commerce), and the propor- 
tions of each in a mixed fertilizer most suitable to the requirements of 
the cotton crop, regard being had to the character of the soil to which 
they were applied and account being taken of the profit afforded. 

In Alabama, in 1888, experiments were made upon a sandy drift soil 
to determine the proper ratio of nitrogen to phosphoric acid in fertilizers 
for cotton. The amount of phosphoric acid was constant — 200 pounds of 
English superphosphate (12 per cent soluble) per acre — and the amount 
of nitrogen (in dried blood and cotton-seed meal) varied so as to furnish 
1 part nitrogen to 1, 2, 4, G, and 8 parts phosphoric acid. The smallest 
quantity of nitrogen employed gave as good results as larger quantities. 
Ko difference was observed i n the two sources of nitrogen. In 1889 coop- 
erative experiments under direction of the College Station were made 
on 9 farms furnishing typical soils of the State. The fertilizers used 
and the amounts i)er acre were: For nitrogen, sulphate of ammonia, 80 
pounds 5 nitrate of soda, 100 pounds; cotton-seed meal, 200 pounds; for 
phosphoric acid, dissolved boneblack, 200 i)ounds; for potash, kainit, 
100 pounds. Greeii cotton seed (960 pounds i)er acre) and stable manure 
(3,000 pounds per acre) alone and in combination v^th acid phosphate 
were also used. The fertilizers were applied singly and in various com- 
binations to fifteenth-acre plats without duplication. Some of the experi- 
ments proved to be of little value, owing to mistakes and omissions; others 
indicated with some clearness that phosphoric acid was the ingredient 
chiefly needed in the soils tested — sandy and brown loam, with clay sub- 
soil. An experiment was also made with cotton on newly cleared land, 
in which acid phosphate was applied on two plats, acid phosphate and 
cotton- seed meal on two, and no manure on one. The results indicated 
that the natural soil did not furnish sufficient nitrogen and was very 
deficient in phosphoric acid for the requirements of the crop. In 1890 
an experiment was made on fifteen plats in a field which had not been cul- 
tivated for many years. The fertilizers used were sulphate of ammonia, 
dissolved boneblack, and kainit, singly, two and two, and all three 
together. Floats, alone and in combination, separately, with sulphate 
of ammonia and green cotton seed, was also used, as also stable manure 
and green cotton seed singly. Contrast was made with plats receiving 
no mailure. The results indicated that this soil needed nitrogen and 
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potash, but was most deficient in phosphoric acid for tlie production of 
the crop. This experiment and another on a sandy drift land long in 
cultivation indicated that floats, in connection with cotton seed, was 
more profitable than acid x)liospliate. In 1891 cooperative experiments 
were made on 30 farms in various parts of the State with different 
fertilizers in difl'erent amounts and combinations. The experiments 
were not perfectly accurate, but indicated certain conclusions. Potash 
did not seem to pay; x^hosphates applied alone did not have mucli effect; 
nitrogentms fertilizers in all forms gave an increased yield. In 1893 
certain experiments indicated that nitrogenous fertilizers (cotton-seed 
meal and nitrate of soda) alone on cotton pay on sandy lands, pro- 
viding there are good rains following their application. 

The general indications afforded by the great number and variety of 
cooi)erative experiments made since 1888 under the auspices of the 
Alabama Station, u])on a variety of soils of the State, the majority of 
which were sandy, are that a complete fertilizer is needed for cotton. 
Phosphoric acid is often the controlling element, and a sufficiency of 
nitrogen is frequently lacking in the soil. Potash alone does not pay. 
Phosphates applied alone have some effect, but much less than when 
combined with nitrogen. Nitrogen, particularly in organic forms, is 
profitable, especially in connection with phosphates. The unfertilized 
soil of the station needs nitrogen, potash, and phosphoric acid. It is 
especially deficient in the latter. " In new ground the decomposition of 
the vegetable matter in the soil did not furnish all of the nitrogen 
needed by the cotton; the increase from phosphates alone was satis- 
factory, but the increase caused by the addition of nitrogen did not 
justify its use." As to floats, the experience of several years indicated 
that a part of the iihosphoric acid becomes available to the plant the 
first season, but the solubility is much facilitated by combining the 
floats with cotton seed or cotton- seed meal. 

In Arkansas, in 1889, experiments were made on sandy bottom land 
which had been almost continuously planted in cotton, without manur- 
ing, for thirty years. Acid phosphate, cotton-seed meal, and kainit 
were used singly and in combination ; also stable manure and composts 
in different amounts. Nitrogenous manures alone were profitable. 
Neither acid phosphate nor kainit alone paid. All of the different 
plats on which cotton-seed meal was used, either singly or in combina- ' 
tion, gave some profit, and " this was due not to the acid phosphate or 
kainit, but to the cotton-seed meal." These results were confirmed by 
similar experiments made in 1891. Cooperative experiments made i^ 
1888 at five points in the State, and repeated in subsequent years, indi- 
cated that a complete chemical fertilizer is needed for cotton. A com- 
bination is provisionally recommended of — 

Pounds 
per acre. 

Acid phosphate 200 

Cotton -seed meal 200 

Muriate of potash 50 
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In Georgia a series of excellently arranged and very carefully con- 
ducted experiments have been in progress upon the station farm since 
1890. The soil of the station is somewhat irregular in character, but 
is, for the most part, a gray sandy loam underlaid by yellow clay and, 
previous to the institution of the experiments, had been in continu- 
ous cultivation for a number of years. Fertilizing materials in great 
variety and in many different combinations were used. The results of 
the experiments have not been strictly accordant, but the following gen- 
eral conclusions seem to be provisionally warranted. Cotton requires 
a complete manure, i. e., one containing soluble phosphoric acid, potash, 
and nitrogen. Neither x)hosphoric acid nor potash give as good results 
alone as when combined with each other. Phosphoric acid alone 
largely surpasses no manure. Potash alone is doubtful; sometimes it 
affects the yield injuriously. Nitrogen alone has little or no effect, but 
has very decided effects when mixed with phosphoric acid and potash. 
In some cases nitrogen seems to be the controlling element in a ferti- 
lizer, but, on the whole, phosphoric acid is most effective in increasing 
the yield. Cotton-seed meal (and cotton seed) and nitrate of soda 
seem to be the best forms of nitrogen for cotton and are about equal in 
value, proportionately to the content of nitrogen. There is little or no 
difference in the value of kainit and muriate of potash. The phos- 
phoric acid in floats and Florida soft phosphate is not in a sufficiently 
soluble and available condition to answer the needs of the cotton crop. 
The best proportions of the three elements in a complete fertilizer for 
cotton are, approximately, nitrogen, 1 part; potash,! part; phosphoric 
acid, 3J parts. Of such a complete fertilizer the quantity to be used 
per acre should be an amount furnishing nitrogen, 20 pounds; potash, 
20 pounds; phosphoric acid, 70 pounds. 

In Louisiana admirably conceived and carefully conducted series of 
field experiments in the fertilization of cotton have been made both at 
the State Station, at Baton Rouge, and at the North Louisiana Station, 
at Calhoun, beginning in 1886 and still in progress. Plats of uniform 
size were manured with nitrogenous, phosphatic, and potash fertilizers 
of different kinds and in different proportions, separately and in great 
variety of combination. The questions tested were: 

(1) Do these soils (the worn "sandy lands" and "red lands" of 
Louisiana) need nitrogen to grow cotton profitably? If so, in what form 
can it be best presented, and in what quantities per acre? 

(2) Do these soils need phosphoric acid? If so, which is the best 
form, and in what (juantities per acre? 

(3) Do these soils need potash? If so, which is the best form, and in 
what quantities per acre? 

The results of the experiments were, in some instances, inconclusive, 
and in some apparently contradictory, as the seasons and the condi- 
tions varied. On the whole, however, the following conclusions seem 
justified as the result of the entire series of experiments: 

(1) These soils need nitrogen, and nitrogenous manures may profit- 
ably be used in the fertilization of cotton. 
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(la) All forms of nitrogenous matters (vegetable, animal, and min- 
eral) are satisfactory and profitable, but, on the whole, they stand in 
the following order of excellence : (a) vegetable (cotton seed and cotton- 
seed meal); (h) animal (dried blood, fish scrap etc.); and (c) mineral 
(sulphate of ammonia and nitrate of soda). 

(lb) One ration (24 pounds) of nitrogen per acre is more profitable 
than larger quantities. 

(2) These soils need phosphoric acid. Phosphatic manures may'be 
profitably used in the fertilization of cotton. They are not so neces- 
sary (upon these soils), however, as nitrogen. 

(2a) The soluble forms of phosphoric acid (in dissolved boneblack 
and acid i)hosphate) are emphatically better than the insoluble forms 
(in fioats and similar materials). 

{2h) One ration (24 pounds per acre) of phosphoric acid is more profit- 
able than larger quantities. 

('5) Potash in no form, either alone or combined with other manures, 
is needed for these soils. Potash manures are not profitable in the 
fertilization of cotton. 

"It is very certain that phosplioric acid is needed to grow cotton 
successfully, but in small quantities and combined always with nitrog- 
enous manures." 

In Mississippi experiments in the fertilization of cotton were made 
at the College Station and at Holly Springs in 1888-1893. The results 
indicate that on upland soils the fertilizer should be rich in organic 
matter and nitrogen and contain more potash than phosphoric acid. 
On sandy valley binds the phosphoric acid should predominate. Lime 
soils require large quantities of potash. On soils poor in lime potash 
was not needed or did not pay. On black prairie lands the value of 
concentrated fertilizers was not definitely indicated. The results in 
different years were confiictiug. Cotton-hull ashes were found to be an 
excellent form of i)otash. 

In ]!!5orth Carolina experiments "on representative soils of the chief 
geological areas in the State" were conducted in 1890-1894. Stable 
manure gave best general results m yield, but was not always most 
profitable on account of initial cost. Next to stable manure, a "com- 
plete fertilizer" gave best results, and the proportions per acre recom- 
mended are : 

Pounds. 

Acid phosphate 200 

Cotton -seed meal 100 

Kainit 50 

Acid phosphate alone was, for the most part, profitable. Cotton-seed 
meal alone was profitable in the majority of .cases. Kainit alone was 
unprofitable except in the case of the poor sandy lands of eastern Korth 
Carolina. 

In South Carolina a very elaborate and most carefully conducted 
series of experiments was made upon the station farms (two), situated 
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in different sections of the State, and extending over three years— 
1888-1890. The soils selected were typical of the "upland" soils of the 
cotton States, and were "very thin, being greatly exhausted by years 
of improvident culture." Applications of fertilizers (phosphatic, nitrog- 
enous, and potash) of various kinds were made, separately and in 
various combinations, and in different amounts, but more particularly 
in the approximate quantities and proportions shown by existing 
analyses of the cotton plant to be necessary for the requirements of 
the crop. The details of the experiments and the results have' been 
reported in a bulletin of the United States Department of Agriculture.^ 
The conclusions reached are in part as follows: 

(1) Cotton requires nitrogen, phosphoric acid, and potash. 

(2) Of the three, phosphoric acid is relatively the most important 
and controls the action of the other two. It can be used alone with 
some advantage to the crop, but much more effectively in connection 
with potash and nitrogen. 

(3) Nitrogen is relatively more important than potash. It can only 
be advantageously used in combination with phosphoric acid or phos- 
phoric acid and potash. 

(4) Potash, like nitrogen, is of little value to cotton when applied 
separately; it must be combined with the other constituents. 

(5) Expressed in terms of the latest analyses of the cotton plant, 
the proportions and amounts of nitrogen, phosphoric acid, and potash 
required are as follows: Between three-sevenths and four-sevenths 
nitrogen, about four and one-fourth phosphoric acid, and between one- 
third and one half potash. With proper allowance for the cost, as well 
as the effect of each application, the requirements may be more exactly 
given as follows: Nitrogen, 0.43; phosphoric acid, 1.16; potash, 0.38. 
In other words, the required proportions are: Nitrogen, 1; phosphoric 
acid, 2^; potash, f ; and the amounts called for by a crop yielding 300 
pounds of lint per acre are : Nitrogen, 20 pounds ; phosphoric acid, 50 
pounds; potash, 15 pounds. 

(6) The amount of phosphoric acid determines the amount of nitro- 
gen and potash. With a given amount of the first, only certain 
amounts of the last two can be profitably used. 

(7) Potash can be as effectively supplied by muriate of potash or 
kainit as it can by sulphate of potash. 

(8) Phosphoric acid is of value to cotton in proportion to its solu- 
bility; hence, the several kinds of phosphatic manures can not be 
indifferently employed. Preference must be given to acid phosphates 
containing considerable percentages of soluble phosphoric acid. Insol- 
uble phosphoric acid in slag, floats, or marl is of little direct value to 
the crop upon which it is applied, and even granting that its effects in 
the soil may be lasting they are not, in the long run, sufficiently pro- 
nounced to meet the interest on the capital invested in the application. 

^Farm«rs' Bui. 14. 



188 THE COTTON PLANT. 

(9) Inorganic, orgaoic, and mixed nitrogen are of very nearly equal 
value to cotton. Tlie slight dift'erenee is in favor of the last two* 
Stable manure containing organic nitrogen is the best fertilizer of its 
class, and is lasting or cumulative in its eft'ects. The organic nitrogen 
of stable manure, to the amount of HO per cent, can be fully replaced 
by the inorganic nitrogen of nitrate of soda. As between cotton seed 
and cotton-seed meal, there is a slight difference in favor of the latter^ 
Whole cotton seed is as etticacious as ground cotton seed. Inorganic 
nitrogen in nitrate of soda is abcmt as valuable to cotton as organic 
nitrogen in cotton seed or cotton-seed meal. 

The results obtained in (Jeorgia and South Carolina are worthy of 
8i)ecial consideration in this connection, as the experiments yielding 
them were condu(*ted specifically for determinaticm of the points now 
under discussion. 

THK AMOUNT OK FKUTILIZKR PKU ACKK <IIVIN(} BEST RESULTS. 

The experiments bearing upon this (luestion are somewhat meager 
and the results uncertain. The amount of fertilizer which may be 
judiciously and profitably employed is shown clearly to depend upon 
the character, condition, and previous treatment of the soil, and to 
some extent upon the season. Very few systematic experiments have 
been made to test this specific question. 

In Alabama one series of experiments indicated that an application 
of 1,000 pounds per acre of a complet(5 fertilizer was not as profitable 
as one of 500 pounds, although the yield was somewhat increased. 

In Georgia large doses of fertilizer applied at jdanting or during the 
earlier i)eriods of growth resulted in earlier maturity of the crop, with- 
out, however, sensible increase in profit. The results of experiments 
conducted for several years on series of plats of gravelly gray soil with 
yellow subsoil, in which fertilizers were applied at the rates of 400, 600, 
and 1,200 j)ounds per acre, indicated — 

(1) That, while heavy doses of fertilizers do not give a corre8x>onding 
increase in the yield of cotton, or so large a percentage of profit, yet 
such heavy applications, within reasonable limits, are judicious, pro- 
vided the land is in good condition. 

(2) That the limit or maximum amount of fertilizers that can be 
safely and profitably applied to land in good condition varies consider- 
ably, say from 500 to 1,000 pounds per acre, according to seasons, vari- 
ety of cotton, etc. In these experiments the maximum amount that 
was immediately profitable was probably between 500 and 700 pounds 
per acre. 

It is concluded that, in general, the most effective amount of ferti- 
lizer was 652.6 pounds per acre, compounded as follows : 

Ponndfl. 

Acid phosphate *.... 468 

Nitrate of soda 130 

Muriate of potash 54. 6 

652.6 
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or such an equivalent amount of similar mixtures as will furnish per 
acre, approximately, phosphoric acid, 70 i)Oun(is; nitrogen, 20 pounds; 
potash, 20 pounds. 

It has been shown that $8 worth of a well-balanced fertilizer may be expected to 
increase the yield of seed cotton on 1 acre 1,000 pounds. But such results can 
only be attained by concentrating the fertilizer on the best land, not by scattering 
it at the rate of 100 or 200 pounds to the acre over a large, worn-out plantation. The. 
mistake should not be made of applying large amounts of concentrated fertilizers on 
thin, worn-out land. The larger the application the more important is it that the 
land be in the best possible condition. 

In North Carolina heavy applications of stable manure, while some- 
what proportionately increasing the yield, were not profitable. 

In South Carolina it is concluded that 'Hhe amount of phosphoric 
acid and proportionate amounts of nitrogen and potash can not be 
indefinitely increased with the expectation of obtaining a correspond- 
ing increase in the crop. The gain in crop does not keep i>ace with 
increase of fertilizers, and a point is speedily reached beyond which 
this gain is not sufficient to meet the additional cost of the heavier 
applications. The soil can not be profitably forced; the application of 
fertilizers must be regulated by its mechanical as well as chemical con- 
dition." The maximum quantity of fertilizer that can in general be 
used with advantage is concluded to be an amount that will furnish 
per acre phosphoric acid, 50 pounds; potash, 15 pounds; nitrogen, 20 
pounds. 

BEST MODE OF APPLICATION OF FERTILIZERS TO COTTON. 

« 

In Alabama experiments in 1887 indicated that broadcasting compost 
and stable manure gave better results than application in the drill. 

In Georgia the results of general experiments indicate that '^ it is by 
no means necessary, nor is it desirable, to broadcast the fertilizer when 
less than 1,500 pounds are to be applied to an acre of corn or cotton or 
other wide-row crop. If only 500 pounds are to be applied, distribute 
it in a deep furrow and mix it by running two scooter furrows through 
it. If more than 500 pounds, then divide the amount between the 
center furrow and the two listing furrows. Broadcast manuring should, 
as a rule, be confined to crops that are planted broadcast, as small 
grain, grass, etc." 

The experience and the practice at the stations generally substan- 
tiate the conclusion reached in South Carolina that " fertilizers may be 
indifferently drilled or broadcasted where they are liberally applied, 
but drilling is to be preferred where small amounts are employed." 

BEST TIME OF APPLICATION OF FERTILIZERS TO COTTON. 

A number of experiments have been made to test the effects of inter- 
cultural applications of fertilizers, the results ©f which, however, are 
for the most part discordant and inconclusive. 
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In Alabama one set of experiments, in 1888, indicated that one 
application of the fertilizer in the drill before planting gave beat results. 

[Another, in 1890, was very carefnlly conducted] in order to test the efficacy of 
the application of additional fertilizer during the growth of the plant in prolonging 
its fruiting period and increasing the yield. Two hundred pounds of cotton-seed 
meal per acre were applied at the second plowing of the cotton, June 18, and cov- 
ered lightly with the scrape. Two hundred more were applied in the Hame way at 
the last i>lowing, July 30. These were applied to two plats to which 200 pounds 
of cotton-seod meal and acid phosphate, mixed in equal parts of each, were applied 
in the drill before planting, and were compared with a third plat to which the same 
quantity of cotton-seed meal nnd acid phosphate were applied at planting, but to 
which no subsequent applications were made. The average increase caused by the 
additional applications was 339 pounds of seed cotton per acre. The intercultural 
applicatitms had the etfect of continuing the growth and fruitfulness of the cotton 
after that on plat 3 had ceased to grow. 

In 1893, however, it was found that 200 pounds of mixed nitrate 
of soda and cotton-seed meal applied (to previously fertilized plats) 
in June was as profitable as 100 pounds in June and 100 pounds in 
July. The addition of cotton-seed meal as late as August 13 was not 
profitable. 

In (Jeorgia it has been found that marked effects result from inter- 
cultural fertilization, or successive applications of fertilizers during the 
growing season. When a heavy application of a readily available 
fertilizer is to be made, it would be advisable to divide it into at least 
two doses, and possibly more. 

In Louisiana the conclusion is reached that fertilizers for cotton 
should all be applied at time of planting. A second and third appli- 
cation is not profitable. 

MISCELLANEOt^S EXi'ERlMENTS. 

Incidentally to the main objects for which the experiments in the 
fertilization of cotton were instituted, certain indications on miscellane- 
ous and minor points have been afforded. 

The general experience at the stations and elsewhere is to the effect 
that chemical manures generally, and especially nitrogenous and phos- 
phatic manures, hasten the maturity of the crop. Stable manure in 
some instances (Arkansas, North Carolina) delayed maturity beyond 
the fruiting period. 

The cumulative effect of manures in the soil is fairly well evidenced 
in several cases. Nitrogenous manures increased the yield the second 
season without additional fertilization (Alabama, Arkansas), but not 
the third season (Alabama). Phosphatic manures increased the yield, 
without additional fertilization, the second and third seasons (Ala- 
bama). The cumulative effects of heavy applications of a complete 
fertilizer were manifest the second and the third years (Georgia). 
Floats alone gave a greater increase over no manure the third year 
after application than in the first or second year (Alabama). 

Kalnit is recommended as a specific for rust and blight in cotton, to 
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be used in connection with cotton seed or cotton-seed meal (Sortb 
Gs^olina). Kainit appears to retard the appearance of blight (Ala- 
bama). Kainit retards the opening of the bolls (Arkansas). 

"Marl, alone or. in combination with commercial fertilizers, is of no 
direct value to cotton. Applied upon leguminous crops, which are to be 
turned under as a preparation for cotton, its indirect value is great" 
(South Carolina). Air-slacked lime mixed in the drill with acid phos- 
phate and floats had no apparent effect upon the crop (Alabama). 

Applications of copperas are without effect upon cotton (feouth 
Carolina). 

Nitrate of soda should generally be applied with the other fertilizers 
at the time of planting (South Carolina); but, on the other hand, it may 
be profitably divided into two applications, the second not to be later 
than June 1 (Georgia). 

The quantity of nitrogen in the fertilizer seems not to affect the rela- 
tions between the weight of seed and lint (Alabama). 

Shallow applications of fertilizers (i. e., at depth of 2 or 3 inches) give 
better results than deeper applications (Louisiana). 

There is no advantage in separating the ingredients of the fertilizer 
and applying them at different depths (Louisiana). 

It is highly important that the fertilizer be well mixed with a consid- 
erable portion of soil (Georgia). 

The cowpea is an excellent green manuring crop in preparation of land 
for cotton (Alabama, Arkansas, Louisiana, Georgia). The most profit- 
able method of application is to gather the peas, or cut the vines for 
hay, and turn under the stubble with addition of the manurie from stock 
fed with the hay (Alabama, Arkansas, Georgia). 

GENERAL CONCLUSIONS. 

In reviewing the results of the experiments conducted at or under 
the auspices of the experiment stations, and taking into account the 
general experience of successful cotton growers, certain general con- 
clusions on the subject of the fertilization of cotton may be accepted 
as tentatively established : 

(i) Cotton is a plant which responds promptly, liberally, and profit- 
ably to judicious fertilization. 

(2) By judicious fertilization the maturity of the crop may be has- 
tened and the period of growth, from germination to fruiting, so short- 
ened as to materially increase the climatic area within which cotton 
may be profitably grown. 

(3) As is the case with most other crops, the profit from manuring 
cotton with concentrated fertilizers is much enhanced by antecedent 
proper preparation of the soil. It pays to bring cotton lands up to a 
condition of good "tilth" by mechanical treatment, and especially by 
incorporating in them liberal quantities of organic matter. Upon lands 
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in such condition fertilizers of all kinds yield more profit, either from 
small or large applications, than upon lands not so treated. 

(4) Eenovating crops, and especially the cowpea, furnish an efficient 
and economical method of bringing cotton lands into condition to 
respond most liberally and i)rofitably to the ai)plication of concentrated 
manures under cotton. The most profitable plan of employing the cow- 
pea for this purpose on cotton is to gather the peas at maturity, cut the 
vines for hay, and turn under the stubble along with the manure result- 
ing from feeding the hay to stock and cattle. 

(5) Barnyard manure and similar bulky manures are more efficient 
and profitable as soil renovators than as specific fertilizers for cotton. 
They should be broadcast liberally and used rather as soil improvers 
than as immediate fertilizers. The same is probably true of cotton 
seed, except where the price to be had for the seed at cotton-oil mills 
justifies the exchange of seed for cotton-seed meal, to bo used as the 
source of nitrogen in a concentrated manure. If, however, only small 
quantities of such manures are to be had, and it is desired to use them 
as direct fertilizers, it is more profitable to compost them with acid 
phosphate (preferably containing a small percentage of potash) than to 
use them alone. It is more profitable to compost directly in the drill 
at time of planting than in heaps previously. 

(G) Cotton may wisely be assigned a place in a judicious rotation sys- 
tem. Upon lands devoted to staple crops a three years' rotation — small 
grain, corn (with peas), cotton — is judicious. Each crop in the rotation 
should be appropriately fertilized. It is in evidence that the cumula- 
tive effects of such manuring upon the succeeding crop are marked. 

(7) Upon the great majority of the soils of the cotton-growing States 
it is advisable and profitable to use, as a concentrated fertilizer, a 
^*complete manure," i. e., one containing soluble phosphoric acid, avail- 
able potash, and available nitrogen, rather than a manure containing 
only one or two of these ingredients. Nitrogen, however, may proba- 
bly be advantageously omitted from the concentrated fertilizer, in, 
whole or in part, when the soil has previously been liberally supplied 
with this ingredient, through barnyard manure, green manuring, etc. 

(8) "Soluble" i)hosphates are very much to be preferred in the fer- 
tilizer for cotton to those which are not soluble. 

(9) There is no great difference, if any, in the agricultural value and 
profit, when used in the fertilizer for cotton, of the various soluble pot- 
ash salts to be had in commerce, except proportionately to the price 
and content of actual potash. 

(10) Of the nitrogen compounds available for use in fertilizers the 
organic forms (vegetable and animal) are perhaps best suited to cotton, 
if one form alone be used, although nitrate of soda is probably nearly 
if not quite of equal value. Further experiments are needed to deter- 
mine the efficacy of mixing various nitrogen compounds in different 
proportions. 
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(11) The most judicious proportions of soluble phosphoric acid, pot- 
ash, and nitrogen in a complete fertilizer for cotton can not be said to 
have been as yet determined with entire accuracy. Those suggested 
by Georgia — nitrogen 1, potash 1, phosphoric acid 3J — and by South 
Carolina — nitrogen 1, potash f, phosphoric acid 2 J — perhaps approxi- 
mate reasonable accuracy. In the light of present information, perhaps 
nitrogen 1, potash 1, phosphoric acid 2| or 3 would not be injudicious 
proportions for general use. 

(12) The amount of concentrated fertilizer which may profitably be 
used per acre varies widely with the nature and condition of the soil, 
the seasons, and other circumstances. For an average soil in fairly 
good condition perhaps the maximum amounts indicated by Georgia 
(nitrogen, 20 pounds; potash, 20 pounds; phosphoric acid, 70 pounds), 
or by South Carolina (nitrogen, 20 pounds; potash, 15 pounds; phos- 
phoric acid, 50 pounds), or an approximate mean of the two would be 
the maximum limit of profitable appliciition. The actual weight bf the 
complete fertilizer furnishing these quantities would, of course, vary 
with the percentage composition in nitrogen, potash, and phosphoric 
acid of the materials used to make the fertilizer. If the commercial 
"ammoniated" fertilizer or other concentrated manure intended for 
use under cotton should be compounded (as it might very well be, and 
in some cases is) to analyze approximately — 

Per cent. 

Soluble (available) phosphoric acid 9 

Potash 3 

Nitrogen 3 

then 700 pounds per acre of such a fertilizer would be approximately 
the maximum amount that could judiciously and profitably be used, 
under ordinary circumstances, upon soil in good condition. 

(13) The concentrated fertilizer should be applied in the drill (not 
broadcast) at a depth of not more than 3 inches, and well mixed with 
the soil. 

(14) All things considered, it is perhaps best in most cases to apply 
all the concentrated fertilizer in one application at the time of plant- 
ing. With lands in superior condition, however, or where large quan- 
tities of fertilizers are used, it is probably profitable to apply half at 
planting and half at the second plowing. 

These conclusions, it is believed, are justified by the present state of 
knowledge on the subject of the fertilization of cotton. They may be 
accepted provisionally and until modified and corrected by the results 
of further investigations and experiments, such as are now in progress 
at several of the experiment stations in the Southern States. In view 
of the importance of the subject and the unsatisfactory state of knowl- 
edge concerning it, the writer ventures to suggest that it would prob- 
ably be wise for some one of the stations of the cotton States to devote 
a large part of its time and resources to an extensive, thorough, and 
Intimate study of the nutrition, growth, and development of the cotton 
1993— No. 33 13 
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plant. It is perhaps not hazardous to conjecture that the results of 
such study might modify materially the apparent conclusions thus far 
reached on the subject of the fertilization of cotton. 

METHODS OF MANUKINCr COTTON AT ^UESE^'T IN (JENEEAL USE IN 

THE UNITED STATES. 

The method of fertilizing for cotton at present employed by the 
Southern cotton grower varies somewhat with differences in soil, climate, 
capital, etc. The greatest variation, perhai)S, is in the preliminary 
preparation of the land. Some cotton farmers practice green manur- 
ing, rotation, composting, etc., with regularity, others irregularly, 
others not at all. There is much greater uniformity observed in the 
use of concentrated fertilizers, although here, again, there are wide 
differences in usage, ))articularly as to the amount of fertilizer 
employed. From the time of their introduction until the present, the 
method of applying chemical manures to cotton has been essentially 
uniform and the same, viz, in the drill. They are very rarely broad- 
casted. Neither, indeed, as a rule, are composts, stable manure, or 
cotton seed. A shallow furrow, varying in depth from 3 to (> inches — 
much more frequently 3 than (> — is opened with the plow and the 
manure applied by hand (generally through a tin tube, known as a 
''guano horn," 3 feet long and 2 inches in diameter) or by a mechanical 
"distributer," much like a grain drill planter and capable of being set 
to deliver fixed and uniform quantities. The manure is then "listed" 
on, i. e., covered with a thin layer of soil to the depth of 1 to 3 inches. 
The seed are dropped upon this, either by hand or from a "planter," 
and covered with soil to a depth usually of 3 inches. The seed are 
frequently rolled in ashes, or sometimes in acid phosphate or other 
fertilizer, before planting. The amount of fertilizer used per acre 
varies greatly. From as little as 50 pounds to as much as 1,000 pounds 
per acre is used. The average amount used by the very great majority 
of cotton growers is probably between 175 and 200 pounds per acre* 
The fertilizer is for the most part the commercial "ammoniated" arti- 
cle, although considerable quantities of acid phosphate (with or with- 
out potash ) and home mixtures of chemicals are so used. In the case 
of composts, such as that prepared by the " Furman formula," for 
example, the amount used is usually about 400 pounds per acre. 

The commercial ammoniated fertilizer sold in the Southern States at 
the present time will average in composition, approximately — 

Per cent. 

Soluble (available) phosphoric acid 9 

Nitrogen 2 

Potash 2 

Acid phosphates range in content from 12 to 15 per cent of available 
phosphoric acid, and are often given a small content of potash, ranging 
from one-half of 1 per cent to 2 per cent. 
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The home mixture of chemicals is usually constructed ou the formula 
approximately — 

Pounds. 

Acid phosphate 1, 200 

Cotton-seed meal 600 

K^mit 200 

2,000 
MANURING OF COTTON IN OTHER COUNTRIES. 

Elsewhere than in the United States the culture of cotton is mainly 
confined to the rich alluvial lands, and a large proportion of the crop is 
grown without any manuring whatever ; still in most countries some use 
is made of farm manures. Even on the fertile alluvial soils of Egypt, 
which are so abundantly supplied with fertilizing materials by the 
overflowing of the Nile, barnyard manure is applied to the extent of 10 
to 15 tons per acre, and "generally speaking, except on the richest land, 
it is acknowledged by experienced growers that the crop repays the 
cost of application." 

In spite of the fact that clover is very generally grown as a prepara- 
tory crop for cotton in this country, nitrogenous manures as a rule are 
the most profitable, because the nitrogen of the soil is exhausted by 
the large crops of cotton and sugar cane which are grown and which 
return nothing to the soil, and is also dissipated by the rapid nitrifica- 
tion which goes on under the peculiar climatic conditions of Egypt. 

"The time at which the manure is applied varies considerably. Some 
spread it over the land and plow it in before making the ridges. Others 
ridge the land and spread it in the furrows, subsequently covering it 
by splitting the old ridges. Either of these methods is suitable and 
preferable to the system of applying it after planting, which is perhaps 
more common than the other. When the cotton is a few inches above 
the ground, the manure is either spread in the furrows and hand hoed 
in, or a handful is put under the roots of the young plants. This latter 
method involves more labor than any other, and has no advantages. 
Fresh manure is not thought so good as that which has been in the 
heap for two years, and old manure is always used by the best growers. 

"For the production of manure, earth is used as litter, and the com- 
position of the resulting manure depends, therefore, to a considerable 
extent on that of the earth used. It contains but little water, 5 or 6 
per cent being an average. As the result of several analyses made by 
Dr. Mackenzie, the manure may be said to contain : Nitrogen 0.4 per 
cent, phosphoric acid 0.25 per cent, and potash 1.5 per cent. 

"Following clover, as cotton almost invariably does, it finds except 
on very poor land a sufficiency of nitrogen, if the fodder crop has been 
grazed. If cut and removed, the case may be difterent. After a fallow 
the land is generally manured, as the land selected for this purpose is 
of poor quality, and more benefited by its application. No artificial 
fertilizers are applied in practice, and as yet no experiments of a relia- 
ble nature have been made to ascertain their effect." ^ 

• Foaden, MS. article on cottou culture in Egypt in the possession of this Office. 
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CUITITATED TARIETIES OF COTTON. 

By S. M. Tracy, M. S., 
Director of the Mississippi Agricultural Experiment Station. 

INTRODUCTION. 

The word "variety" as used in this chapter refers exclusively to the 
various forms and kinds which are called '^varieties" by cotton plant- 
ers, and is not restricted to the more marked and permanent types 
which are recognized by the botanists. Of botanical varieties there 
are but few, while of agricultural varieties there are an almost infinite 
number, and the names under which the agricultural varieties are 
known are many times greater than the number of recognizable forms. 

Cotton is a plant which sports easily, which responds quickly to any 
differences in environment, soil, climate, treatment, and fertilizers, and 
which can be greatly modified in form and habit in a very few succes- 
sive crops. The flowers are large and open, pollen is produced in great 
excess and is readily scattered by the lightest breeze, the stigmas are 
well above the anthers, so cross fertilization is not only common but 
usual. Seed from the earlier maturing bolls will produce plants yield- 
ing a longer lint than will the seed from the later ripening bolls from 
the same plants. Many varieties which will produce a long, strong, 
and silky fiber when planted in rich river bottom soil soon lose their 
superior qualities when grown on the drier and poorer hill lands. A 
variety which has been grown for some years in the northern belt of 
the cotton region will mature its entire crop at nearly the same time, 
while if the same variety be grown for a few years in the southern cot- 
ton belt the crop will continue to mature through several weeks, though 
the total yield may be but little greater. With its natural tendenc}'^ to 
vary, and with all these forces to stimulate the plant to a change of 
form and habit, it is easy to see how varieties may be multiplied indefi- 
nitely, even without deliberate action on the part of the cultivator. 

In the preparation of this work an effort has been made to trace the 
origin and history of all the varieties which have been mentioned in 
the station publications, together with such others as are known to be 
common in the cotton-growing region of the United States or to possess 
special value. In many cases the records of certain of these varieties 
have been very defective, and it has been impossible to secure accurate 
data from the originators themselves, so that some varieties of greater 
or less local prominence are not mentioned here. We have found it 
exceedingly difficult to secure exact data in regard to both the percentage 
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of lint and the length of staple from diff'erent varieties, as in many cases 
the amount of lint has been estimated from the gin yields, which may 
vary greatly. In experiments at the Alabama Sty tion,' the averages of 
eight gin yields varied 1.99 per cent, and in one case as much as 5.25 per 
cent, when two gins of diff'erent makes were used on the same varieties 
of cotton. The percentage of lint also varies with the season and the 
soil on which the crop was grown. In some cases the length of the 
staple lias been accurately measured from samples taken from the seed 
by hand, while in others the measurements given have been those of 
the staple after it had been passed thnmgh the gin. In several cases 
where samples of the same variety have been accurately measured the 
length has been found to vary gn^atly, owing to differences in soil and 
season. The size, weight, and color of the seed appear to be of less 
value in the identification of varieties than has generally been sup- 
posed, as either or all of these may vary with differences of soil and 
with the individual plants from which they have been taken. 

When inconsistencies have been found in the published descrii)tion8 
of any variety, it has usually been possible to account for them, and to 
make due allowances. Records which have been extreme and evidently 
faulty have been ignored, so that the yields and measurements given 
here are the averages of records which are apparently reliable. It is 
useless to attempt giving exact characters to suc^h variable plants, but 
fortunately nearly all of the varieties mentioned in this chapter have 
been frequently described, and nearly all of them have been grown two 
or njore years under the personal supervision of the writer. In pre- 
paring the following descriptions it has been the aim to give the general 
habit and product of each variety, avoiding both the highest and the 
lowest extremes : 

AMERICAN VARIETIES. 

Acme (Allen Acme). — From C. B. Allen, Nanachehaw, Miss. Evi- 
dently a mixture of some long-staple variety and Sea Island. It is 
not a hybrid, and does not seem to have any special value. 

Allen (Allen Silk, Alien Long Staple, Talbot). — Originated by J. B. 
Allen, Port Gibson, Miss. Plant vigorous, pyramidal, long limbed; 
bolls large, round, opening very widely, and sometimes allowing the 
seed cotton to drop; maturing late; lint 28 to 30 percent; staple 30 
to 35 mm., fine and silky. This, like the Cook, is easily affected by a 
change of soil or climate, and produces a longer and better staple when 
grown in the Yazoo Delta than elsewhere. 

Aired, — History unknown, but evidently of the Rio Grande type. 
Reported only once, from Mississippi. 

Alvarado. — History unknown; appears to be Peterkin. Reported 
only once, from Georgia. 

Audrey Peterkin. (See PeterMn.) 
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Bahama. (See Texas Storm Proof.) 

Bailey. — Originated by T. J. King, Louisburg, K. C. Plant of medium 
size, early and prolific for a long-staple variety; lint 28 to 30 per cent; 
staple 28 to 32 mm. An excellent long-staple variety for uplands. 

Banana (Cluster, Hogan, Prout). — Newspaper writers of 1848 to 1850 
mention these as being identical, but give no description further than 
that the bolls were in clusters and that the seed cotton yielded about 

31 per cent of lint. The variety seems to have been discarded many 
years ago. 

Bancroft Herlong. (See Rerlong.) 

Bancroft Prolific Long Staple. — Origin unknown; advertised by a 
Georgia seedsman in 1892, and planted at the Louisiana Station, where 
its yield was much below the average. 

Bancroft Prolific Herlong. (See Herlong.) 

Barnes. — One of the older varieties. Plant vigorous, short limbed, 
and inclining to cluster, similar to Herlong in habit; bolls above medium 
size, maturing late. Probably not now in cultivation. 

Barnett. — From Alabama; origin unknown. Plant tall and slender; 
limbs short; bolls medium size, rounded, not maturing early; lint 30 to 

32 per cent, staple 23 to 25 mm. Eeported only from Alabama. 
Bates Big Boll. — Originated by R. Bates, Jackson Station, S. C, who 

developed it by repeated selections of choice plants belonging to the 
Rio Grande type. Plant vigorous, very symmetrical, well branched; 
bolls rather large, not maturing early; lint 33 to 35 per cent, staple 24 
to 27 mm. In 1892 this gave the largest yield of any of the 25 varieties 
grown at the Georgia Station, and in 1893 ranked fifth among 26 varie- 
ties grown at the Mississippi Station. 

Bates Favorite. — Of the same origin as Bates Big Boll. Plant very 
vigorous, branching widely; bolls medium size, maturing late; lint 30 
to 32 per cent, staple 24 to 27 mm. 

Belle Creole. — The immediate ancestor of the Jethro and described 
by Col. H. W. Yick, of Yicksburg, Miss., as follows: " Stalk large, tall, 
and productive; boll large and long; seed commonly flat on one side 
with an indentation ; lint abundant, long, firm, silky, soft, lustrous, and 
beyond measure more oily than any cotton I have seen." 

Ben Smith (Ben Smith Choice, Bush, Smith Standard). — From B. F. 
Smith, Redwine, La. Plant strong, widely pyramidal; bolls medium 
size, usually 2 at each joint, not maturing early; lint 32 to 33 per 
cent, staple 23 to 26 mm. This was grown in Alabama and Georgia 
many years ago under the name of ^'Bush," and is probably descended 
from the Purple Stalk or Red Leaf, which was common in those States 
from 1845 to 1850. 

Big Boll. — From California; history unknown, but supposed to be of 
Texan origin. Plant medium size; limbs rather long; bolls large, 
oblong, maturing late; lint 34 to 35 per cent, staple 25 to 28 mm. 

Black Seed. — A name applied both to Sea Island varieties and to 
upland varieties having a smooth seed. 



200 THE COTTON PLANT. 

Bob, Bob Silk, Bob White. (See Ozier.) 

Bolivar County, — A Loaisiana variety of the Storm Proof type, 
maturing early, with 29 to 30 per cent of lint. 

Borden Prolific. — Mentioned in South Carolina reiwrts, but no 
descriptions are given. 

Boyd Prolific. — One of the oldest of the improved varieties, having 
been common in Mississippi in 1S47, and is the parent stock of many 
cluster varieties of recent introduction. The originator, Mr. Boyd, 
said that it was grown from a single plant found in a field of *' common" 
cotton. Plant upright, slender, moderately vigorous, short limbed; 
bolls small, round, in clusters, medium in time of ripening; lint 30 to 
32 per cent, staple 20 to 24 mm. 

Brady. — Mentioned in the report of the North ('arolina Station for 
1887, but no description given. 

Bragg Long Staple. — From T. J. King, Louisburg, N. C. This has 
every appearance of being a true hybrid between Goftsyjnnm herbaceum 
and Gossypium barbadense^ but as it was grown from a single stalk 
found in the field of an ignorant negro its parentage is unknown. 
Plant very vigorous, well branched; bolls large, oblong, maturing late; 
lint about 30 per cent, and tlie staple extremely variable in length, the 
bulk of the fibers being only about 35 mm., while a few — perhaps 5 
per cent of those in each boll — reach a length of fully 75 mm. Owing 
to its mixed character the staple is classed conmiercially as " short.'' 

Brannon (Little Brannon). — One of the older varieties, originating 
in Texas many years ago. Plant medium in growth, well branched; 
limbs short jointed; bolls small, medium in time of ripening; lint 32 to 
35 per cent, staple 18 to 22 mm. Belongs to the Kio Grande type. 

Brazier Peterkin. (See PeterMn.) 

Brooks Improved. — A local Louisiana variety, maturing early, with 
31 to 33 per cent of lint and a short stai)le. 

Brown. — Originated in Copiah County, Miss., prior to 1848, and said 
to have been developed by selections from the Sugar Loaf, an early 
maturing, short-staple variety. 

Bush. (See Ben Smith.) 

Carolina Pride. (See Early Carolina.) 

Catacaos. (See Peruvian.) 

Catawba. — From W. R. Davis, Landsford, S. C. A local variety, 
maturing late, with 35 to 36 per cent of lint and staple 23 to 25 mm. 
Apparently from the Peterkin. 

Chambers. — A S(mth Carolina variety of unknown origin, yielding 31 
to 32 per cent of lint, with a staple 22 to 25 mm. Belongs to the Her- 
long type. 

Champion Cluster. — Plant very vigorous, with long limbs ; bolls large, 
oblong, maturing late; lint 30 to 31 percent; staple 25 to 28 mm. This 
name is misleading, as the variety does not belong to the cluster type, 
but is much more like the Mammoth Prolific. 
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Cherry Cluster (Cherry). — Originated in South Carolina. Plant of 
medium growth, cone shaped; limbs of medium length; bolls small, 
round, clustered, maturing early; lint 30 to 32 per cent; staple 18 to 
22 mm. Belongs to the same type as the Dickson. 

Cherry Long Staple Prolific. — Nearly, if not quite, identical with 
Cherry Cluster. Originated in the same locality. 

Cluster. {^QQ Banana,) 

Cobweb (Spider Web). — Originated in 1881 by W. E. Collins, Mayers- 
ville, Mips., and claimed to be hybrid between Peeler and an Egyptian 
variety of Oossypium barbadense. Plant very vigorous, long limbed; 
bolls large, somewhat pointed, maturing late; lint 28 td 29 per cent; 
staple 35 to 40 mm., very fine and silky. 

Cochran (Cochran Extra Prolific, Cochran Short Limbed Prolific). — 
Originated in Georgia by selections from Peerless stock. Plant 
a moderate grower, slender, short limbed; bolls medium size, round; 
lint 32 to 33 per cent; staple 35 to 40 mm.* Differs but little from the 
Peerless. 

Col thorp Eureka. (See Eureka.) 

Colthorp Prickle. — The name apparently a mistake for Colthorp 
Pride. 

Colthorp Pride. — From A. S. Colthorp, Milliken Bend, La. Originally 
grown from a few seeds picked up from the floor of a country store. 
Plant vigorous, upright, pyramidal; bolls large, oval, maturing late; 
lint 28 to 30 per cent; staple 28 to 32 mm., fine and silky; seed small 
and many of them black. Prolific for a long-staple variety. 

Cook. — Originated by W. A. Cook, of Newman, Miss., from a single 
stalk found in a field of " common" cotton in 1884. Plant very vigor- 
ous and prolific; limbs irregular, not long; bolls large and long, some- 
times 2 J inches in length, maturing late; lint 26 to 2S per cent; staple 
35 to 40 mm. Similar to the Allen, and one of the best varieties for 
rich, low ground. 

Cox Royal Arch Silk, — A local variety from Georgia, similar to the 
Ozier Silk. 

Crawford Peerless (Crawford Premium). — From J. M. Crawford, Colum- 
bia, S. C. Developed by selections from the Peerless, and practically 
identical with that variety except that the bolls are usually clustered. 

Crossland. (See PeterJcin.) 

Dalkeith Eureka. (See Uureka,) 

Dean. — A local South Carolina variety. 

Bearing (Dearing Prolific, Dearing Small Seed). — Very similar to 
Herlong. The Southern Live Stock Journal (1887)^ gives an inter 
view with Dr. J. J. Dearing, Columbus, Ga., presumably the originator 
or disseminator of this variety. The writer claims to have made all his 
selections through a number of years with special reference to the per 
cent of lint, and claims to have attained finally 45.28 per cent of lint 
"under the test of Prof 11. C. White, State chemist of Georgia." 



^ U. 8. Dept. Agr. Library Scrapbook, Cotton and Sugar, i)p. 2, 3, 
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Diamond, — Another of the varieties originated by Col. H. TV, Yick; 
of the Kio Oraude type, and difli'ering verj^ slightly from that form. 

Diclson (Dixon, Dickson Clnster, Dickson Improved, Simpson). — 
Mr. Capers Dickson, of Oxford, Ga., writes that this " was originated 
in this place in IS.")? or 18.>8 by my father, Mr. David Dickson, and was 
developed from Boyd Prolific cotton by several successive years selec- 
tions from the seed of that variety, ^o crossing was practiced, and 
the variety was entirely the result of careful selections each year. The 
variety has ever since been kept up in the same way." Plants vigor- 
ous, well branched, pyramidal; limbs short; bolls medium to large, 
round, clustered, maturing rather early; lint 'M to 32 per cent; staple 
23 to 2G mm. One of the most popular cluster varieties. 

Drake Cluster, — Originated in 1882 by K, W. Drake, of Greensboro, 
Ala., and was developed from the Peerless '*by selecting the earli- 
est and best matured bolls from the earliest and most prolific plants.'' 
It resembles Peerless in every way excepting that it matures some- 
what earlier and the bolls are more clustered. Lint 31 to 33 per cent, 
staple 22 to 25 mm. One of the most popular varieties for uplands. 

Drought Proof. (See Texas Storm Proof,) 

Duncan (Duncan Mammoth). — From F. M. Duncan, Dallas, Ga, A 
late-ripening, large-boll, long-staple variety, similar to Mammoth. 
Prolific. 

Early Carolina (Extra Early Carolina, Carolina Pride, South Caro- 
lina Pride). — An early ripening variety which has been developed by 
selections from the Dickson and which is very similar to that form. 

East (East Improved Georgia). — A long-staple variety similar to the 
Allen, but maturing a little earlier and having a little shorter staple. 
Lint 31 to 32 per cent. 

Ellsworth, — From W. ^N^. Ellsworth, Wallace, X. C. Plant usually 
with long and spreading limbs; bolls large, oblon^-^ maturing late; 
lint 30 to 33 i)er cent, stai)le 21 to 24 mm. Tliisis exceedingly variable 
in its habit of growth and in the character of its lint. Apparently a 
mixture of two or three varieties. 

Ethridge, — From W. B. Ethridge, Downsville, La. Grown from a 
single plant found in a field of some other variety. Plant of fair size; 
limbs long and spreading; maturing late; staple fine and silky, 28 to 
30 mm. ; seed black. 

Eureka (Colthorp Eureka, Dalkeith Eureka, Humi)hrey Eureka). — 
Originated from a single stalk found on a Louisiana plantation many 
years ago, and for some time was called Mand Atkins. The plant is 
very vigorous and prolific; limbs of medium length; bolls rather large, 
oblong, not maturing early, holding the seed well in wet weather; lint 
28 to 30 per cent, staple 35 to 40 mm., very fine, strong, and silky; seed 
quite small and sometimes black. One of the most popular long-staple 
Varieties. 
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Excelsior, — Origiuatecl in 1883 by C. R. Ezell, Eaton ton, Ga.,by selec- 
tions from the Kew Era. Similar to the Peterkin, though with bolls 
a trifle larger. Lint 33 to 35 per cent, staple 26 to 30 mm. 

Farrar Forked Leaf. (See Okra.) 

Ferrell Prolific. — From C. B. Ferrell, Montgomery, Ala. Plant me- 
dium size, with very long and straggling limbs; very prolific; bolls 
large, oblong; lint 28 to 30 per cent, staple 30 to 35 mm. Similar to 
Mammoth Prolific. 

Georgia Prolific (Georgia Upland). — Names which are applied to a 
number of upland short-staple varieties of the Peterkin and Herlong 
types. 

Garher. — A local Alabama variety of the Rio Grande type. 

Gold Dust. [See King.) 

Grayson Early Prolific. — From W. B. Grayson, Grayson, La. Plant 
medium in size; climbs short, not spreading widely; very prolific; 
bolls medium in size, somewhat clustered, ripening early; lint 34 to 36 
per cent, staple 22 to 25 mm. Resembles Peterkin, but matures earlier. 

Griffin. — This remarkable variety was originated by John Griffin, of 
Greenville, Miss., who developed it by repeated and persistent selec- 
tions from some unknown long-staple variety. Plant vigorous, with a 
pale-green leaf, prolific; bolls large, medium in time of maturing; lint 
28 to 29 per cent, staple very fine and silky, occasional fibers 70 to 75 
mm. The longest and finest staple we have found. 

Gunn. — From 0. L. Gunn, Temple, Miss. A local variety which does 
not differ materially from the Rio Grande type. 

HawMfis (Hawkins Extra Prolific). — Originated by B. W. Hawkins, 
Nona, Ga,, from a single stalk in a field where mixed seed of Boyd 
Prolific, Herlong, and i^ew Bra had been planted. From the prod- 
uct of this plant repeated selections were made, until the variety had 
assumed a fairl}" constant form. The plants are very vigorous, well 
branched, pyramidal, prolific; bolls medium In size, roundish, medium 
or early in time of maturing; lint 32 to 34 per cent, staple IS to 22 mm. 

Rays China. — From J. W. Hays, Hays Landing, Miss. Very similar 
to the Allen, and i^erhaps the same. 

Herlong (Bancroft Herlong, Jones Herlong, etc.). — From E. Bancroft, 
Athens, Ga. Plant medium in size, well branched, pyramidal, very 
prolific; bolls medium in size, round, maturing rather late; lint 30 to 
32 per cent, staple 20 to 25 mm. A semicluster variety, very popular 
in Georgia and Alabama. This name is sometimes incorrectly applied 
to a long-staple variety. 

ffightoiver. — A local Alabama variety, strong growing, bolls very 
large, and staple of medium length. 

Hilliard. — From W. A. Hilliard, Bowersville, Ga. Of the Rio Grande 
type, and not difiering essentially from Peterkin. 

Hogan. (See Banana.) 
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Hollingshead. — One of the oldest varieties of which we have any 
record, it having been grown in the Carolinas in 1818. It was sup- 
posed to be of Mexican origin, and seems now to have disappeared. 

Howell, — A local Louisiana variety, very similar to Peterkin, but 
perhaps a little earlier in maturing. 

Humphrey Eureka. (See Utirela.) 

Hunnicutt (Hunnicutt Choice). — Originated by Prof. J. B. Hunnicntt, 
Athens, Ga., wlio developed it by mixing seed of Bates, Boyd Pro- 
lific, Herlong, Truitt, and other varieties, and planting them in the 
same field. From the product of these seeds stalks approaching 
nearest the originator's ideal form were selected for further similar 
selections which were continued through several years. The plant is 
large and well branched, branches spreading, ])rolitic; bolls of medium 
size, roundish, maturing early; lint 30 to 32 per cent, stajde 22 to 
25 mm. 

Imi)roved Long Staple. (See Jones Lonfj Staple.) 

Improved Vrolific. — From A. Borden, Goldsboro, X. 0. A local 
variety, differing but little from the Herlong. 

J. C. Cool', — Evidently a descendant of the old Purple Stalk type, 
and apparently identical with the Ben Smith. 

Jenkins (Jenkins Poor Man's Friend). — Originated by J. F. Jenkins, 
Natchez, Miss., by repeated selections from Bnmnon. Plant strong, 
pyramidal, prolific; bolls medium in size, oval, maturing early; lint 
34 to 36 per cent, staple 22 to 25 mm. One of the best of the Rio 
Grande type. 

Jethro (McBride Silk). — Originated by Col. H. W. Vick, of Vicksburg, 
Miss., between 1830 and 1840, by selections from the Belle Creole, and 
sent to J. V. Jones, of Herndon, Ga., in 1840, with a request that it be 
called by its present name. We have been unable to find any descrip- 
tion of this variety and can not learn that it is now in cultivation. It 
is the parent stock of Jones Long Staple, Six Oaks, and a number of 
other similar varieties. 

Jones Herlong. (See Herlong.) 

Jones Improved (Jones Improved Prolific). — Plant of medium size, 
limbs short and spreading, not very prolific; bolls large, roundish, 
maturing late; lint 30 to 32 per cent, staple 20 to 24 mm. 

Jones Long Staple (Improved Long Staple, liichardson Improved). — 
Originated by J. H. Jones, Herndon, Ga. Plant large; limbs long and 
spreading, prolific; bolls large, oval, pointed, maturing medium or late; 
lint 29 to 30 per cent, staple 30 to 34 mm. One of the many descendants 
of the Jethro, and one of the most popular long-staple varieties for 
the middle and southern parts of the cotton-growing region. 

Jones N'o. 1. — A local Alabama variety of the Eio Grande type, pro- 
ducing 33 to 34 per cent of lint, with a staple 18 to 22 mm. 

Jowers (Jowers Improved). — Very similar to Peterkin, and probably 
the same. 
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„ Jumbo. — Originated by B. W. Hawkins, Kona, Ga., by selections from 
the Hawkins, and similar to that variety, though more prolific. 

Kelly. (See Marston.) 

Kieth, — From Alabama. Plant tall, pyramidal; limbs short jointed, 
prolific; bolls medium in size, roundish, not clustered, maturing early; 
lint 30 to 32 per cent, staple 24 to 27 mm. 

King (Gold Dust, King Improved, Tennessee Gold Dust). — Originated 
by T. J. King, Louisburg, INT. C. Plant of medium size, pyramidal, well 
branched, very prolific; bolls small, roundish, all maturing early; lint 
32 to 34 per cent, staple 25 to 28 mm.; seeds small. The fact that this 
variety matures its entire crop very early makes it one of the most 
desirable sorts for the northern cotton belt. 

Lewis Prolific. (See Sugar Loaf.) 

Little Brannon. (See Brannon.) 

Louisiana. — A name which, like the Georgia Prolific, is api)lied to 
a large number of upland short-staple varieties. 

Magruder Marvel. — Originated by I. D. Magruder, Eussum, Miss., and 
is a cross secured by fertilizing the flowers of Barnes Cluster with 
pollen from Golden Prolific. Plant pyramidal; limbs abundant and 
short jointed ; bolls small, round, somewhat clustered, maturing early 
for a cluster variety; lint 31 to 33 per cent, staple 25 to 30 mm. 

Magruder XL, — Originated by I. D. Magruder and secured by ferti- 
lizing Peterkin with pollen from the Allen, and in the after fixation 
of the type by keeping the selection of plants for seed as near as possi- 
ble to the Peterkin in production and habit, and at the same time 
preserving the longer staple secured from the Allen. Early and pro- 
lific; lint 32 to 34 per cent, staple 25 to 30 mm. 

Mallius Prolific. — A local Louisiana variety. 

Mammoth Chister. — From Georgia. One of the older varieties and 
of unknown origin. Quite similar to Champion Cluster. 

Mammoth Prolific. — Another Georgia variety of unknown origin. 
Plant very strong, well branched, not very prolific; bolls very large, 
oblong, maturing very late; lint 30 to 32 per cent, staple 26 to 30 mm. 
Very similar to Duncan, and perhaps the same. 

Marston (Kelly). — From Louisiana. Plant of medium growth; limbs 
short, prolific; bolls fair size, round, maturing late; lint 30 to 31 per 
cent, staple 26 to 30 mm. 

Martin Prolific. — A Louisiana variety, and apparently the same as 
Marston. 

Mastodon. — This name occurs in a list of the varieties grown in Mis- 
sissippi in 1850, but no description is given, and the variety seems to 
have disappeared. 

Matthews. — From J. A. Matthews, Holly Springs, Miss., who saved 
the seed from a stray plant found in his garden. ' Plant very vigorous, 
pyramidal, with limbs from near the ground; limbs short jointed, very 
prolific; bolls large, ovate, pointed, maturing early; lint 29 to 30 per 
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cent, staple 35 to 40 mm. This has given remarkably good yields for 
a long-staple variety in the northern cotton belt. 

Mattis. — From C. F. Mattis, Learned, IVIiss. Developed by repeated 
selections from some unknown variety. Plant vigorous; limbs long, 
short jointed, prolific; bolls clustered, medium in size, maturing rather 
late; lint 30 to 32 per cent, staple 23 to 30 mm. 

Maxey (S. B. Maxey, Meyers, Meyers Texas). — Of unknown origin, 
but introduced in Texas by Hon. S. B. Maxey. Plants medium in size, 
well branched, prolific; bolls large, roundish; lint 31 to 32 per cent, 
staple 30 to 35 mm. Esteemed more highly on bottom lands than on 
uplands. 

McAllister Peerless.* (See Peerhsn.) 

McBride. (See Jethro.) 

McCall. — A variety which was somewhat popular in South Carolina 
about ISt^O, but which seems now to have been dropped. It belonged 
to the same group as Truitt and other similar varieties. 

Mclver, — A local South Carolina variety similar to McCall. 

Mexican, — One of the oldest known varieties, having l)een brought 
from the City of ^Mexico to Natchez, Miss., by Walter Burling in 1806, 
and introduced in South Carolina as early as 181G. It was from this 
stock that by far the larger proportion of our short and medium staple 
varieties have been developed. 

Mexican Burr. — An old name for the varieties of ''Mexican" which 
produced bolls in clusters, and the original source of many of the pres- 
ent cluster varieties. 

Meyers. (See Maxey,) 

Minter (Minter Prolific). — From J. K. Minter, Laurens, S. C. Origi- 
nated about 1870 by selections from some unknown variety. Plants 
large, branching low and widely, prolific; bolls medium in size, round 
or oval, maturing late; lint 30 to 32 per cent, staple 22 to 25 mm. 
Quite similar to Herlong. 

Moina, — Originated by J. M. Taylor, of North Carolina, about 1873, 
and described as follows: ^^This variety is remarkable for the number 
of its limbs, but they grow too long and slender. Its fiber, in length 
and fineness, is said to surpass the Peeler. It bears bolls abun- 
dantly, but is troublesome to pick and gin, so that its culture is gener- 
ally abandoned in this section." 

Money Bush. — Mentioned as one of the varieties growing in Missis- 
sippi in 1850, and probably the same as Banana. 

Moon. — From J. Moon, Peytonville, Ark. Originated about 1875 
from a single plant showing unusually good staple. Plant strong; 
limbs long and spreading; bolls large, oval, medium in time of matur- 
ing; lint 31 to 33 per cent, staple very strong and silky, 30 to 35 mm. 

Multibolus, — This was grown in Mississippi in 1849, and some- 
times called '^ Sugar Loaf.'' It was a cluster variety which has now 
disappeared. 
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Multiflora, — Grown in Alabama in 1849, and said to be similar to the 
Banana, but with larger clusters of bolls and lighter-colored seeds. 

Oats. — Grown and named at the Louisiana Station from seed of an 
unknown variety purchased at a public gin in 1889. Plant vigorous, 
sugar loaf in shape, very prolific, maturing early; lint 32 to 34 per 
cent; staple 20 to 25 ram. Perhaps the same as Kiug. 

Okra (Okra Leaf, Farrar Forked Leaf). — One of th^ older varieties, 
and mentioned by Southern writers as early as 1837, when it was quite 
common and somewhat popular, but it soon disapi^eared from general 
cultivation. About 1870, C. A. Alexander, of Washington, Ga., found 
a single stalk in his field, and from its product the variety was again 
disseminated quite widely from 1885 to 1890, but its culture seems less 
general now than five years ago. The plant is of medium growth; 
limbs short and upright; leaves with very narrow lobes; bolls clus- 
tered, small, round, maturing early; lint 32 to 34 per cent; staple 24 
to 26 mm. The sn;iall amount of foliage produced by this variety is said 
to preserve it from attacks by worms and to hasten the complete 
maturity of the crop in wet seasons. 

Ozier (Ozier Silk, Bob, Bob Silk, Bob White, Tennessee Silk). — ^From 
J. D. Ozier, Corinth, Miss. Plants medium size, i)yramidal; limbs 
rather short, moderately prolific; bolls medium in size, oval, ripening 
early; lint 30 to 32 per cent; staple 25 to 28 mm. Quite popular from 
1880 to 1890, but less so now. 

Pearce. — Introduced by T. J. King in 1887, and described as an early 
maturing sort, producing 32 to 33 per cent of lint, but does not appear 
to have been widely disseminated. 

Peeler. — Originated in Warren County, Miss., about 1864. Plant 
very large and vigorous, branching widely; bolls large, maturing late; 
lint 30 to 32 per cent; staple very strong and silky, 25 to 28 mm. One 
of the most widely cultivated varieties. 

Peerless (Crawford Premium, Crawford Peerless, McAllister Peerless, 
Sutton Peerless, The Premium). — Probably of Georgia origin. Plant 
medium, well branched, pyramidal; bolls small or medium in size, 
round, sometimes clustered, maturing early; lint 32 to 33 per cent; 
staple 23 to 27 mm. One of the best of the upland varieties. 

Peruvian (Catacaos). — A South American variety of Gossypium arbo- 
reuniy which never matures fruit in the United States. 

Peterkin (Audrey Peterkin, Brazier Peterkin, Crossland, Texas Wood, 
Wise). — Originated by J. A. Peterkin, Fort Motte, S. C, about 1870. 
Originally a variety with smooth, black seeds, and producing nearly 50 
per cent of lint, and developed to its present form by repeated selec- 
tions of seed from the most prolific plants. Plants of medium size, 
well branched; limbs short jointed; bolls medium in size, oval, not 
clustered, not maturing very early; lint 34 to 36 per cent; staple 22 
to 25 mm. Seed occasionally black and smooth. There are very few 
varieties which yield so large a percentage of lint, and this is one of 
the best of the Eio Grande type. 



208 THE COTTON PLANT. 

Peterkin Limb Cluster (Peterkin New Cluster). — Developed by J. A. 
Peterkin through selections from the Peterkin, and similar to that 
variety excepting that the bolls are somewhat clustered. 

Petit Gulf. — One of the oldest varieties ; originated by Col. H. W.Vick, 
the originator of the Jethro, about 1840. In 1848-49 large quanti- 
ties of the seed were sent to Georgia and Alabama, and as the ship- 
ments were all made from Petit Gulf the variety became known under 
that name. The plant is large, long limbed, and long jointed, not very 
prolific; bolls medium in size, ovate, not maturing early; lint 30 to 32 
per cent; staple 22 to 25 mm. Boyd Prolific and Dickson are probably 
descended from this variety. 

Pittman (Pittman Extra Prolific, Pittman Improved). — An early 
maturing, short-limbed, cluster variety, from Louisiana, and which 
does not differ essentially from Dickson. 

Pitt Prolific. — Mentioned as having been grown in Mississippi in 
1848, and doubtfully distinct from Banana. No longer in cultivation 
under that name. 

PoZZocA'.— Originated in 1890 by W. A. Pollock, Greenville, Miss., by 
fertilizing some unknown long-staple variety with pollen from Peer- 
less. A cluster variety maturing a little later than the Peerless, with 
a staple 35 to 40 mm. 

Poor Manh Relief. — A California variety, not distinguishable from 
Peterkin. 

Prolific. (See iSugar Loaf.) 

Prout. (See Banana,) 

Queen (Southern Queen). — A local Arkansas variety, very similar to 
Peterkin, and probably the same. 

Barneses. — An old variety, apparently a form of Peerless. 

Richardson Improved. (See Jones Long Staple.) 

Rio Grande, — An early name for the original form of many of the 
upland short-staple varieties, yielding 34 to 36 per cent of lint, with a 
staple 18 to 22 mm. 

Rod Smith 25 Cent. — Grown in Mississippi in 1849, and described as 
having "limbs long and slender, bolls slim, very prolific." Kot now 
known. 

Roe Early. — A local Louisiana variety, maturing early, with 28 to 30 
per cent of lint, and a staple 25 to 30 mm. 

S. B. Maxey. (See Maxey,) 

Sea Island. — This is a native of the West Indies and Central America, 
and was one of the first varieties cultivated in the United States. In 
the limited region where it can be grown it is the most desirable variety, 
as it produces a very long and fine staple, which commands the highest 
price, but it is seldom profitable when grown more than 50 miles from 
the Atlantic coast. 

Shine Early, — From J. A. Shine, Shine, N. C. An early maturing 
variety of the Eio Grande type, and differing but little from Peterkin. 

Silk. (See Jethro,) 
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Simpson. (See Dickson.) 

Six Oaks. — Origiuated by J. V. Jones, Herndon, Ga., the original 
form being the Jethro, wLicb was sent from Mississippi in 184G. It 
is similar to the Jones Long Staple, except that tlie plant is less vig- 
orous, the bolls are not quite so large, and the seed are smooth and 
black. Lint 28 to 30 per cent, staple 35 to 40 mm. 

Smith Standard. (See Ben Smith,) 

South Carolina Pride. (See Early Carolina.) 

Southern Hope. — Originated many years ago by Ool. F. Eobieu, of 
Louisiana, from seed said to have come from Peru. Plant pyramidal; 
limbs strong and straight, prolific; bolls large, pointed, maturing 
rather late; lint 30 to 32 per cent, staple 28 to 32 mm. One of the best 
types for the southern cotton belt, but maturing too late for northern 
latitudes. 

Spider Web. (See Cobweb.) 

Storm Proof. (See Texas Storm Proof.) 

Sugar Loaf (LQwm Prolific, Prolific, Yick 100 Seed). — This is said to 
Lave originated in Yalobusha County, Miss., in 1843-44, and to have 
<:ome from Mexican seed. A cluster variety not now in cultivation. 

Sutton Peerless. (See Peerless.) 

Talbot. (See Allen.) 

Tarver. — Grown in Alabama as early as 1S48, and probably the same 
a.s Sugar Loaf. 

Taylor. — This name is given to at least two distinct varieties, the 
one known in Alabama under that name having a small boll and a 
short staple, while that from South Carolina has a large boll and 
a long staple. In both States the name seems to be only local. The 
original Taylor of Alabama was claimed to be a cross between the 
Purple Leaf and Boyd Prolific, showing principally the characters of 
the former. 

Tennessee Gold Dust. (See King.) 

Tennessee Silk. (See Ozier.) 

Texas Storm Proof (Bahama, Drought Proof, Storm Proof). — From 
W. J. Smilie, Baileyville, Tex. Plant tall, with slender and often 
drooping limbs, not very prolific; bolls large, pointed, maturing late; 
lint 33 to 35 per cent, staple 23 to 26 mm. The matured seed cotton 
does not fall from the bolls as readily as in most varieties, and hence 
its name of '' Storm Proof." 

Texas Wood. — From D. F. Miles, Marion, S. C. Not distinguishable 
from Peterkin, and probably identical with that variety. 

The Premium. (See Peerless.) 

Truitt Premium (Truitt Improved). — Originated by G. W. Truitt, 
Lagrange, Ga. Plants large; limbs long and spreading, prolific; bolls 
very large, roundish, maturing hite; lint 30 to 32 i)er cent, staple 22 to 
25 mm. Very similar to Duncan Mammoth and Mammoth Prolific. 

Yick 100 Seed. (See Sugar Loaf.) 

1993— iSTo. 33 14 
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Welborn Pet. — Originated by Jeff Welborn, Kew Boston, Tex. 
Developed from selected plants in a field of Barnes, Jones Big Boll 
(Jones Long Staple!), and Zellner. Plant erect, slender; limbs short 
and numerous, very prolific; bolls round, medium in size, clustered, 
maturing early; lint 31 to 32 per cent, staple 22 to 25 mm. This 
variety has but little foliage in proportion to the size of the plant, 
which many cultivators claim is an advantage in hastening early and 
uniform maturity. One of the best known cluster varieties. 

Williams. — An old short-staple variety yielding 33 to 35 per cent of 
lint and probably identical with Peterkin. 

Williamson. — From E. M. Williamson, Dovesville, S. C. Plant not 
large; limbs short, prolific; bolls small, round, maturing early; lint 
30 to 31 per cent, staple 22 to 25 mm. 

Willimantic, — Very similar to Duncan Mammoth and Mammoth Pro- 
lific. 

Willis. — From J. B. Allen, Port Gibson, Miss. Much like Allen 
in growth, with lint 29 to 30 per cent, and a staple 33 to 37 mm. 

Wimherly. — From F. D. Wimberly, Bullards, Ga. Can not be dis- 
tinguished from Duncan. 

Wise. (See Peterkin.) 

Wonderful (Jones Wonderful). — From J. IT. Jones, the originator of 
several other varieties bearing bis name. This is similar to the Jones 
Long Staple, but has a larger boll and a smaller seed, with a longer and 
finer staple. Bulletin 20 of the Georgia Station says '^it is an excel- 
lent type of the upland long-staple varieties, and is more productive 
and of better staple than any other of the class tested on the station.'^ 
Lint 28 to 30 per cent, staple 35 to 40 mm. 

Zellner. — Probably developed by selections from Boyd Prolific. Plant 
small to medium, limbs short, prolific; bolls medium or smaU, rounds 
maturing early; lint 30 to 31 per cent, staple 20 to 25 mm. Very 
much like Dickson. 

In the preparation of the foregoing descriptions great care has been 
exercised to avoid duplication of varieties under different names^ 
though that has probably been done in a few instances, and no names 
have been given as synonyms excepting when it has been impossible to 
separate the varieties either by description or by personal observation. 

As showing the instability of varieties it is interesting to note that 
in the report on cotton of the Tenth Census, 58 varietal names are 
mentioned. Of these, we have not been able to find that more than 15 
have been used during the last ten years, and only 6 of the varieties 
popular- in 1880 are still in common cultivation. Those which have 
stood the test of the fourteen years since 1880 are Boyd Prolific, Dick- 
son, Herlong, Peeler, Petit Gulf, and Texas Storm Proof. 

FOREIGN VARIETIES. 

Several varieties ' of cotton from Japan, Russia, Egypt, and India 
have been planted in the United States during the last ten years, but 
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none of them has proved suited to the conditions in this country. The 
varieties received from Japan have produced Mery dwarf plants, with 
small bolls, very small seeds, and a staple not more than 12 to 15 mm., 
which has been harsh and woolly. The Eussian cottons have been uni- 
formly light in yield, short and weak in staple, and usually somewhat 
colored. The Egyptian varieties are closely related to the Sea Island, 
and produce an immense growth of stalk.' Afifl and Bamia are the 
two varieties which have been most widely tested, but neither has 
proved to be profitable. Both produce a very long and fine staple, but 
mature too late for our climate. Seeds of both these varieties were 
distributed quite freely by the Department in 1892, and since then a 
number of hybrids between them and some of the upland American 
varieties have been reported which promise to have considerable value, 
especially in the southern part of the cotton region. The Indian vari- 
eties which have been received have been of two distinct types. One 
is much like the Japanese varieties in leaf, boll, and lint, but produces 
a large and spreading plant which bears a very light crop. The other 
type is evidently descended from the American seed which was sent to 
India in 1844, and which has become quite common in that country. It 
is interesting to note that this American cotton which has been grown 
in India for fifty years has come back to this country practically 
unchanged, and can not now be distinguished from the Petit Gulf, which 
was so common in this country from 1830 to 1850. 

ORIGINATION OF VARIETIES. 

Of course the origin of many of the varieties has been lost in obscu- 
rity, but from what has been gathered it appears that the most frequent 
methods by which new varieties have been originated have been by (1) 
the selection of individual plants for the original stock; (2) the saving 
of seed from the earliest maturing bolls, and planting them (usually) 
on soil which had been highly fertilized ; (3) cross fertilization, and (4) 
the very simple process of changing the name. 

PLANT SELECTION. 

Every observant planter has noticed the great differences which may 
be seen among the plants in any field, even though the seed used may 
all have come from the same source. The different plants will vary in 
height and vigor of stalks, in length and direction of limbs, in size and 
shape of leaves, and in the arrangement of bolls on the stalk. Some 
plants will mature all their bolls within a few days of each other, while 
other plants will mature slowly and yield successive pickings through 
several weeks. Any one of these characteristics may be, to a certain 
extent, strengthened and perpetuated by the saving of seed from plants 
having the desired characters most strongly developed, and afterwards 



^ See also article on history of cotton, p. 47. 
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growing them in a field so far removed from other cotton that there 
will be no danger from cross fertilization. If this process is repeated 
for a few years, selecting seed each year from those stalks which are 
nearest the ideal form, the variety will become more and more fixed 
with each succeeding crop, and each year the entire crop will approach 
nearer to the desired standard. It has been by this process that many 
of the more strongly marked varieties like Cook, Dickson, and Welborn 
Pet have been produced. A bulletin of the Louisiana Station * says : 

First, determine what you want — have a fixed Htan<lard in view. Then goto your 
plants, whatever they may be, and select carefully that one which comes nearest to 
iillin;; these requirements. Then carefully gather the seeds of that plant, and in 
the proper season plant them. Again exercise the same care in selecting your seed 
and repeat the operation until you finally reach the object required. It takes time 
for this, and there are freciuent disappointments. Do not misunderstand us as 
recommending every farmer to go into the business of originating varieties. At the 
most, whether it be by selection or by hybri<lizing, it requires more time and 
patience than many of us possess. But we do ur^e upon each and all the importance 
of exercising the greatest care in the selection i f their seed. The day is not far 
distant, in fact is even here, when the kind of seed used is quite an item in the 
profit and loss account of each fanner, and be who neiclects it is bound, sooner or 
later, to go to the wall to make way for a more careful successor. 

SAVING SEKl) FROM EARLY MATURINt} MOLLS. 

The second method named, that of saving seed from the earliest matur- 
ing bolls, the ^^ first pickings," is practiced largely, and it is to this process 
that we owe many of tlie widely known varieties like Drake Cluster, 
Jethro, and Southern noi)e. The higher fertilization and cultivation 
which seed saved in this manner usually receive also tends to lengthen 
the fiber, make the plants more productive, and so assists still further 
variation from the original type. Varieties produced in this manner, 
though usually superior to the original stock, are not strongly marked, 
and the improvement is less permanent tlian is that which maybe pro- 
duced by the selection of individual plants. In fact, these should 
hardly be recognized as distinct varieties, and in the naming of such 
the word "improved" is often prefixed to the name of the parent 
variety. 

CROSS FERTILIZATION. 

When it is desired to combine the good qualities of two varieties in a 
single stock, the work can be accomplislied best by cross fertilization, 
and it is more than probable that a large proportion of the varieties 
which have come from single plants have really originated accidentally 
in this manner. It is equally true that many of the so-called "crosses'' 
and "hybrids" are not such, but are merely sports. 

Although cross fertilization is the surest method for the production 
of new varieties, it is la: gely work in the dark, as the plants resulting 
from the crosses may fail to show the good qualities of either parent 
and have all the weak points of both. Out of a hundred crosses which 

^ Louisiana Sta. Bui. 26 



CULTIVATED VARIETIES OP COTTON. 213 

may be grown, it is seldom that more than one or two plants will show 
the combination desired, and even when a promising plant does appear 
its character is not yet fixed, and several generations must be grown 
before it will assume its permanent form and demonstrate its real 
value. Although the plants from a single line of crosses, as fertilizing 
Peterkin with Allen, will vary widely, still it is a general rule that 
the character and habit of the future plant will be more like those of 
the female parent, while the fruit, the boll and its contents, will be 
more like those of the male parent. 

The flower of the cotton plant is so large and develops so rapidly that 
cross fertilization is very easily secured. Flowers which are to be fer- 
tilized should be among those which are developed early in the season, 
and should always be those on healthy and vigorous plants. The flow- 
ers to be operated upon should be selected late in the afternoon, as it 
is only at that time that they are in the proper condition for the work. 
One side of the unopened bud should be split lengthwise with a sharp 
knife having a slender blade, and the stamens removed. The anthers, 
the fertilizing parts of the stamens, will be found well developed and 
standing well away from the pistil, though not yet so matured as to be 
discharging pollen. These can be readily separated from their supports 
by a few careful raking strokes of the knife, and the emasculated flower 
should then be inclosed in a paper bag to prevent access of pollen from 
unknown sources. The following morning the pistil will be fully devel- 
oped and ready to receive pollen. A freshly opened flower from a 
healthy plant of the variety which it is desired to use in making the 
cross is picked and carried to the plant which was treated the previous 
evening, the bag is removed from the prepared flower, and, by means 
of a camel's hair brush, pollen is dusted over the end and upper part of 
the pistil. The paper bag is then replaced and allowed to remain two 
days, after which it should be removed. If more than one variety is 
used to furnish pollen for different flowers, a tag bearing the name ot 
the variety from which the pollen was taken should be attached to the 
limb just below each fertilized flower. When the fertilized bolls are 
matured, those from each line of crosses should be saved separately and 
the seed from each planted separately the next season. The plants 
resulting from such crosses will vary greatly, even when all come from 
seeds from a single boll. Any which appear to be wanting in vigor 
should be destroyed as soon as their weakness is shown, and only 
healthy and vigorous plants allowed to mature. When the plants 
approach maturity they should again be examined carefully, and all 
which show a want of fruitfulness, a tendency to disease, or any other 
undesirable character should be removed. At the same time those 
plants which approach most nearly to the ideal, i. e., those which are 
strong and vigorous, which produce the largest number of bolls, and 
which have the longest and best fiber and the largest proportion of 
fiber to seed, should be marked, and the seed from each of these saved 
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separately. As the earlier maturing bolls always produce the bet- 
ter crop, the later ripening bolls from the selected plants should be 
discarded. 

The following season the seed from each of the selected plants should 
be planted separately, and tlien, and not until then, will the planter be 
able to form an intelligent estimate of the true value of his crosses. 

It will be seen tliat such work recpiires ('are, judgment, and patience, 
but it is the only plan by which the sp<icial characteristics of different 
varieties can be combined in one; it is the only way by which the planter 
van secure such a definite modifii^ation of the ]>lant as he may wish, and it 
establishes varieties having greater permanency of character than can 
be produced in any other manner. 

CHANGE OF NAME. 

By far the larger part of the names of varieties now in cultivation are 
simply synonyms of other names. Changes of name are commonly 
made by using the name of the person from whom seed is purchased, 
giving a new name to an old variety for advertising purposes, substi- 
tuting a local name for one in general use, or transferring names from 
one locality to another. Often several varieties receive the same name. 

IMPEOVEMENT AND DETERIOUATICJN OF VARIETIES. 

The cultivated cottons of to-day are very different from the original 
form of Gos8ypium herbaceunij which gave only 28 to 30 i)er cent of lint, 
with a staple 20 to 30 mm. long. The proi)ortion of lint has been greatly 
increased, reaching as high as 30 and even 40 i)er cent in some varieties, 
while the length of staple has increased correspondingly, sometimes 
reaching fully three times its original length. In but few varieties, 
however, have we secured any marked increase in both percentage of 
lint and length of staple, and it is in that direction that we should look 
for improvements in the future. 

The tendency of the plant to vary from the typical form of any variety 
has been mentioned on another page, and it should be borne in mind 
that the natural tendency of this variation will be back toward its origi- 
nal form rather than in any other direction. Abnormal fruitfulness is 
always secured at the expense of vitality, and the original form, pro- 
ducing a smaller amount of fruit, will have the greater vitality, and so 
a greater prepotency, than will the more fruitful and more desirable, but 
weaker, plants. If, then, any improved variety is to be kept up to its 
present standard, constant care in the selection of seed is essential. 
The seed from all plants which show degeneration shcmld be rejected, 
and only those from typical plants should be saved. Whenever these 
precautions are neglected, degeneration is sure to follow, and we soon 
hear complaints that the variety has " run out." All of our present 
varieties are artificial, and have been produced by artificial methods, 
which must be continued as long as the variety is to be maintained. 
Continued intelligent selection and cross fertilization may work a gradual 
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improvement, while ueglect iu the selectiou of seed is sure to result in 
degeneration and reversion to the original form. It is for this reason 
that planters are so often disappointed with the results secured from 
new varieties for which extravagant claims have been made by their 
originators. These new varieties may do all that is claimed for them 
during the first one or two years, but afterwards, in many cases, dete- 
riorate rapidly, and their originators are denounced as frauds. 

The too common method of saving seed for planting is to take a suffi- 
cient number of bushels just as they come from the gin, or, perhaps, to 
buy them from an oil mill. No attention has been given to the selec- 
tion of the individual plants from which these seeds came, and those 
from the poorest, least prolific, and latest maturing are all taken 
together with those from the best. Seed from the less prolific plants 
will have greater vitality and so produce stronger plants than those 
from the more prolific individuals, and when this process is repeated 
for a few generations it is sure to result in a marked decrease in yield 
and a deterioration in quality. In speaking of the instability of varie- 
ties, W. A. Cook says : 

I can take any of the so-caUed distinct varieties of cotton and in a few years 
develop all the known varieties from it. In other wprds, they will develop them- 
selves in the course of time. All that is necessary is to watch the field from year to 
year, and when a *' sport" is noticed, save the seeds and plant them by themselves. 

J. Griffin, the originator of the Griffin variety, writes : 

Since 1868 I have not omitted a single year in my selections, which are guided by 
length, fineness, prolific tendency, earliness, and, lately, smallness of seed, to humor 
planters. I can now see that it will take more than the remainder of my life to 
complete my work, as the variety still improves as at the first. 

J. H. Jones, of Georgia, says: 

There is no other plant known in our agriculture which deteriorates so rapidly and 
requires such a rigid selection of seed to keep it up to a standard as does cotton. 

The Sixth Eeport of the Mississippi Station says : 

The particular variety to be selected * * * depends more on the care with 
which the seed has been selected during the last two or three years than upon its 
original source, and without constant care in the selection of seed any variety will 
soon ^' run out." The first pickings will give better seed than will the later pickings ; 
and if the seed be saved from the best stalks only, the practice will soon work a 
marked improvement in any variety. Even when this can not be done for the entire 
crop, it will be easy to secure enough of this selected seed to plant a small field, which 
will produce sufficient seed for the entire crop of the second season. It has been by 
the following of this plan that nearly all of our best varieties have been developed, 
and the superiority of any variety is usually a very good measure of the care and 
judgment which were exercised in selecting the seed plants of the original stock. 

CLASSIFICATION OF VARIETIES. 

With SO many varieties which differ from each other only slightly, 
and with their differences those of degree rather than of kind, and all 
of them exceedingly unstable, it is impossible to classify them by any 
natural and fixed characters, or even to assign limits to different gioups 
which will not sometimes separate varieties which resemble each other 
closely, and any grouping must be purely arbitrary. 
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If classified according to the proportion of lint to seed, they may be 
placed in three groups, as follows : 

(1) Those having less than 30 per cent of lint, including Allen, Bailey, 
Bragg, Cobweb, Colthorp Pride, Cook, Eureka, Ferrell, Griffin, Jones 
Long Staple, Matthews, Roe Early, Six Oaks, Wonderful, and Willis. 

(2) Those having from 30 to 34 i)er cent of lint. This group will 
include more than one-half of all our recognized varieties, as follows : 
Barnett, Bates Favorite, Ben Smith, Boyd Prolific, Chambers, Champion 
Cluster, Cherry Cluster, Dickson, Drake Cluster, Ellsworth, Ha'wkins, 
Herlong, Hunnicutt, Jones Improved, Jones No. 1, Kieth, King, 
Magruder Marvel, Magruder XL, Mammoth Prolific, Marston, Mattis, 
Maxey, Minter, Moon, Oats, Okra, Cozier, Peeler, Peerless, Petit Gulf, 
Southern Hope, Truitt Premium, Welborn Pet, Williamson, and Zellner. 

(3) Those having 34 or more per cent of lint, including Bates Big Boll, 
Big Boll, Brannon, Catawba, Excelsior, Grayson, Jenkins, Peterkin, 
Kio Grande, and Texas Storm Proof. 

If the same varieties are classified according to length of staple only, 
they may again be placed in three groups, as follows: 

(4) Those having a staple less than 25 mm., or '^ short- staple" varie- 
ties, including Barnett, Ben Smith, Boyd Prolific, Brannon, Catawba, 
Chambers, Cherry Cluster, Dickson, Drake Cluster, Ellsworth, Grayson, 
Hawkins, Herlong, Hunnicutt, Jenkins, Jones Improved, Jones No. 1, 
Minter, Oats, Peterkin, Petit Gulf, Kio Grande, Texas Storm Proof, 
Truitt Premium, Welborn Pet, Williamson, and Zellner. 

(5) Those having a staple of from 25 to 30 mm., or the ^^medium- 
staple" varieties, including Bates Big Boll, Bates Favorite, Big Boll, 
Champion Cluster, Excelsior,,Kieth, King, Magruder Marvel, Magruder 
XL, Mammoth Prolific, Marston, Mattis, Okra, Ozier, Peeler, Peerless, 
and Koe Early. 

(6) Those having a staple exceeding 30 mm., or the ''long- staple'^ 
varieties, including Allen, Bailey, Bragg, Cobweb, Colthorp Pride, 
Cook, Eureka, Ferrell, Griffin, Jones Long Staple, Matthews, Maxey, 
Moon, Six Oaks, Southern Hope, Willis, and Wonderful. 

Group 1 has 15 varieties, of which 14 belong in group 6 and 1 in 
group 5. The varieties in this group, with the doubtful exception of 
Koe Early, of which we are able to find but one record, are what are 
commonly called "long-staple" varieties, and are almost uniformly 
varieties in which the plant is large and vigorous, the limbs long and 
spreading, the bolls large, and which usually mature late. 

Group 2 has 36 varieties, of which 20 belong in group 4, 13 in group 
5, and 3 in group 6. In this group we have what may be termed the 
normal type of cotton, with a slight increase in both percentage of lint 
and length of staple, some varieties showing an improvement in only 
one direction, but nearly all showing that both the amount and quality 
of the fiber have been materially bettered by cultivation. 

Group 3 has 10 varieties, of which 7 belong in group 4 and 3 in group 
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5. In this group we have varieties in which the percentage of lint has 
been greatly increased with but little improvement in the character of 
the staple, nearly every variety in the group having a staple less than 
25 mm. in length. 

Group 4 has 27 varieties, of which 20 belong in group 2 and 7 in 
group 3. 

Group 5 has 17 varieties, of which 13 belong in group 2, 3 in group 3, 
and 1 in group 1. 

Group 6 has 17 varieties, of which 13 belong in group 1 and 3 in 
group 2. 

It will be observed that the correspondence between group 1, pro- 
ducing less than 30 per cent of lint, and group 6, having a staple more 
than 30 millimeters in length, is very close, only 3 of the "long staple" 
varieties yielding more than 30 per cent of lint, and only 1 variety 
which yields less than 30 per cent of lint having a staple less than 
30 mm. The correspondence between the other pairs of groups — 2 and 
5, 3 and 6 — is less marked, but still shows a strong tendency toward a 
decrease in length of staple as the percentage of lint is increased. 

If classified according to time of maturity, the varieties may be 
grouped as follows : 

Classification of varieties according to time of maturity. 



Early. 



Bailey. 

Brooks Improved. 

Cherry Cluster. 

Dickson. 

Brake Cluster. 

Early Carolina. 

Grayson Early Proliflo. 

Hunnicutt. 

Jenkins. 

Kieth. 

King. 

Matthews. 

Oats. 

Okra. 

Ozier. 

PeerlesflF. 

Pittman. 

Welbom Pet. 

Williamson. 

Zellner. 



Medium. 



Barnett. 

Bates Big BoU. 

Ben Smith. 

Boyd Prolific. 

Brannon. 

East. 

Eureka. 

Griffith. 

Hawkins. 

Herlong. 

Jones Long Staple. 

Magruder MarveL 

'Mattis. 

Moon. 

Peterkin. 

Peterkin CloBter. 

Petit Gulf. 

Pollock. 

Six Oaks. 



Late. 



Allen. 

Barnes. 

Bates Favorite. 

Brag, iLong Staple. 

Catawba. 

Champion Cluster. 

Cobweb. 

Cojthorp Pride. 

Cook. 

Ellsworth. 

Ethridge. 

Jones Improved. 

Mammoth Prolific. 

Marston. 

Minter. 

Peeler. 

Southern Hope. 

Texas storm Proof. 

Truitt Premium. 

Willis. 



The Arkansas Station^ classifies varieties according to habit of 
growth, placing them in two groups — the ^'long limb," which is charac- 
terized by its long and spreading branches, want of prolificacy, large 
bolls, late maturity, and long staple; and the "short limb," character- 
ized by its short branches, medium or small bolls, prolificacy, early 
maturity, and short staple. The same article also says that the varie- 
ties of the "long-limb" group grow slowly, require less readily available 
plant food and less frequent cultivation than the "short limb," which 
is regarded as being a direct product of high culture and especially 
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suitable for high farming. It also states that the short-limbed and 
cluster cottons can not be made to i)roduce as long a fiber as the long- 
limbed varieties, and suggests that in many cases length of staple 
should be sacrificed for quantity, or more strictly sjieaking, that it is 
often better to sacrifice length of staple in order to secure an early 
matured and increased crop which may be picked at a low cost, and 
before it is damaged by winds and rain. 

RELATIVE VALUES OF VARIETIES. 

In deciding upon the relative values of different varieties of cotton 
the planter will be guided wholly by the number of dollars per acre 
which each variety will bring, and what variety he shall choose is a 
question to which no definite reply can bo given. The same variety 
will give different yields in dift'erent years, on account of early or late 
frosts and the amount of rainfall in different months, especially from 
August to October. Some varieties are more liable to suffer from insects 
than are others. Some varieties which make a long, fine, and silky 
staple when grown on rich, damp, and alluvial soil, such as is found 
only along the larger rivers, are of but little value when planted on 
the high and dry uplands. Some varieties respond much more quickly 
than others to applications of fertilizers; some produce a moderate 
crop under almost any conditions, while others give an enormous yield 
when ail the surroundings are favorable but fail miserably when planted 
on unfavorable soils or with unfavorable climatic conditions. The rela- 
tive prices of the lint from dift'erent varieties vary greatly from one 
year to another. In 1887 the lint from the long-staple sorts, those 
having a staple 35 mm. or more in length, sold in the New Orleans 
markets for nearly or quite double the prices paid for the short staples, 
or those having a staple 20 to 30 mm. in length. Since then, however, 
the prices have been approaching each other more and more closely, 
until now the difference is only from 10 to 20 per cent. The yield 
in pounds per acre for the short-staple varieties is always larger than 
for the long-staple sorts, though the amount of this diff'erence will vary 
greatly with the localities where the crops are grown. In the hill 
regions the yield of the short-staple varieties is always much the greater, 
and is often fully double that of the long staples, and even on the low- 
lands of the southern portion of the cotton belt, the region best suited 
to the growth of the long staples, there is always a diff*erence of yield 
in favor of the short staples. The long-staple varieties need not only a 
rich soil but the best of care in cultivation, handling, and ginning, and 
require the highest intelligence and skill for their proper management. 

Although some of the short-staple varieties are late in maturing their 
crop, still there are varieties which do mature much earlier than any of 
the long-staple varieties. In the southern portions of the cotton-grow- 
ing region, where the season is long, this is a matter of little moment, 
but it becomes a point of the greatest importance in more northern 
latitudes, where the season without frost is not suflSciently long to 
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mature any bat tlie earliest ripening sorts. No variety of cottou will 
be pi-ofltable to the planter if it doea not liave a sufficiently long grow- 
ing season in which to mature its entire crop, and it ia safe to conclude 
that the short-staple varieties will usually be fouud the more profita- 
ble ill that part of the cotton region north of latitude 32''. 

The character of every jilant is fixed in the seed from which it comes, 
and the peculiar vital Ibrce in each seed is determined to a great 
degree by the conditidus surrouudiug the parent plant. Heredity 
plays an important part, but ia not ao strong as to wholly overcome the 
mollifying iuflueuces of climate, soil, and season when these are acting in 
the same direction through generations. The law of the survival of the 
fittest applies to cotton as elsewhere, and when assisted by intelligence 
will soon develop in ea«h region the special type of plant best suited to 
that particular locality. A reference to the descriptions of the long sta- 
ple varieties will show that of the IT varieties named in group 6 (p. L'17), 
1 is probably a hybrid with Sea 1 sland, and that the histories bf 3 others 
are unknowu. Of the remaining 14, C originated in Mississippi, 3 in 
the adjoining State of Louisiana, and 3 others were developed in Georgia 
from seed sent there from Mississippi, so that the low alluvial soils and 
moist climate of the Mississippi River region have furnished the nec- 
essary conditions for the development of 12 out of the 14. In no other 
part of the cotton-growing region are the long-staple varieties grown so 
largely, and nowhere else do they approach so closely to the yields 
made by the short-staple sorts. Similar conditions exist along a few 
of the larger rivers in other sectiona, and in such loeations the long- 
staple sorts will be equally successful, but such E^reas are quite limited 
in extent, A long growing season, a rich soil, and a humid atmosphere 
are all essential to their success, and it is useless to plant them where 
all of these conditions do not exist. 

The great intirease in the amount of Sea Island cotton grown in this 
country, together witli the rapidly increasing exportation of long staple 
cottou from Egypt, will do much to keep down the prices of the upland 
long-staple varieties, and it is doubtful whether they will ever again 
be as profitable as formerly for general cultivation. 

North of latitude 32^ the growing season is so short that only those 
varieties which make their entire growth quickly can be grown with 
profit. Among the earliest ripening varieties are Cherry Cluster, 
Dickson, Drake Cluster, Hawkins, Hnnnicutt, King, Peerless, and 
Peterkin, Of these 8 varieties 6 belong to group 4, having a staple 
less than 25 mm. in length, and in only 2 of them — King and Peerless — 
do we find representatives of group 5, with a staple from 25 to 30 mm. 
All belong to group 2, haviiLg from 30 to 34 per cent of lint. We may 
therefore safely conclude that the best varieties for the northern part 
of the cottou region will be such as have a short or medium length of 
staple, together with a fair but not excessive percentage of lint. The 
long-staple sorts and those producing more than 34 per cent of lint 
mattire too late to be grown with safety in this region. 
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In tlic iiiidilk' iiiid Noiitlitini i)ortionsof the cotton belt early maturity 
J8 less important, tliougli often an advantage by enabling tbe planter 
to gather tlie crop without injury from rains, wliicli are often heavy and' 
frequent in November and December, There tiie princi])al point to be 
considered is which variety will yield the greatest number of pounds 
of lint i>er acre, a« there is very little differenee between the selling 
prices of 20mm. and ■tOmm. staples. Thecomnion varieties which may 
be relied upon to produce .'U percentor more of lint arellates Big Boll, 
Brannon, <!?atawl>a, Excelsior, Jenkins, I'eterkin, Bio Grande, and Texas 
Storm Proof. Of these H varieties C belong in group 4, those having a 
staple of less than 25 mm., and the other 2, each of which produces 
only .'t;t to 3.5 per cent, beh)ng in group 5. An excessive i>ercentage of 
lint and a long or even a medium length of staple are never found in 
the same variety. The <liflFerence in yield per acre between the short 
and the metUnm staple varieties is not marked, tliough there appears 
to be a slight difference in favor of the shorter staples. 

We have records of 8S1 tests of 59 varieties which have been made 
at the iSoutiiern experiment stations during ttie last seven years, each 
variety having been tested three or more times. By taking the average 
yield of all the varieties toeted ut eacli station during each year as 
100, the relative yield aud rank of the different varieties is found to be 
as follows : 

Selatice font o» rtgardi yield of different rarietiea. 
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It should be remembered that the table above refers to the relative 
yield of lint only, and does not bear on the value of the lint. -The 
figures have been compiled from the results secured at 8 different 
experiment stations during seven years, and show the wide variations 
which may occur with any variety when grown in different localities 
and in different seasons, and illustrate very forcibly the statement 
made on a previous page that no one variety can be regarded as being 
the best for all soils and for all seasons. Of the varieties which have 
been tested 25 or more times^ so that their relative values may be 
regarded as being fairly well known, Peterkin, King, and Truitt Pre- 
mium take the highest rank, followed closely by Peerless and Texas 
Storm Proof. Of these, Peterkin, Texas Storm Proof, and Truitt have 
a staple of less than 25 mm., while King and Peerless have a staple of 
from 25 to 30 mm. King, Peerless, and Truitt yield from 30 to 34 per 
cent of lint, and the other two — Peterkin and Texas Storm Proof — 
yield more than 34 per cent. It is also significant that the 5 varieties 
at the bottom of the list are all long-staple sorts, which produce less 
than 30 per cent of lint. As the table has been made up from the 
results secured at stations in both the northern and the southern parts 
of the cotton belt, it is possibly misleading in that it does not show 
what varieties have given the best results at either extreme, but it 
probably indicates very closely the relative standing of the diff'erent 
varieties in the central belt. Of the 5 varieties named 2 are early, 1 
is medium, and 2 are late in time of maturity. AH are "short" or 
"medium" staple, but it should be noted that there is no experiment 
station located in what is known as the "Delta" country along the 
Mississippi Eiver, the region which is universally recognized as being 
best adapted to the growth of the long-staple varieties. 

As showing how yields may vary, even in a single locality, the fol- 
lowing table is given from the results secured in the work of five years 
at the South Carolina Station, where the same varieties were used 
continuously; the figures indicate the relative rank as regards yield of 
each variety :i 

JRelative rank as regards yield of different varieties. 



Variety. 



Peterkin 

Jones Improved 

Didkson Improved 

Cobweb 

Thomas .' 

New Texas 

Ozier 

Common '. 

Duncan 

Kichardson \ 

Dickson Cluster 

Hays China 

Crawford Peerless 









1884. 


1885. 


1886. 


1 


1 


1 


2 


5 


8 


3 


3 


3 


4 


11 


6 


5 


4 


5 


5 


7 


12 


6 


9 


7 


7 


6 


4 


8 


10 


2 


9 


12 


9 


10 


2 


10 


11 


8 


13 


12 


13 


11 



1887. 




1 
2 
4 

11 
5 
7 

10 
9 

13 

12 
6 
8 
3 



4 

11 

13 

12 

7 

6 

3 

5 

1 

10 

9 

8 

12 



Average. 



1 
3 
2 
8 
2 
7 
6 
4 
5 

11 
7 
9 

10 



1 South Carolina Sta. Rpt. 1888, p. 218. 
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These variations are nearly or quite as great as when the cottons are 
grown in different States, as may be seen by the following table, show- 
ing the relative rank as regards yield of eleven varieties, grown in four 
different States as reported by the Arkansas Station : * 

Belative rank as regards yield of different varieties. 



Variety. 



PeerleHS 

Shine Early 

Mammoth Prolific 

Hawkins 

Deering 

Herlong 

Allen 

Jones Long Staple 

Peterkin 

Southern Hope . . . 
Tmitt Premium . . 




Greorgia. 


Loaisiana. 


Mississippi. 


5 


3 


8 




8 


7 


6 


5 


2 


4 


9 


4 


5 


10 


7 


6 


6 


9 


2 


4 


1 


1 


3 


8 




2 


3 


7 


1 



The Alabama College Station reports^ as a result of examinations 
of 25 varieties that the strongest cotton fibers were produced by Truitt, 
the largest by Barnet, the smallest by No. 1 (Peerless), Hawkins 
Improved, and Peterkin, the. longest by Okra Leaf, the shortest by 
No. 2 (Peerless), and the best twisted by Truitt, Eameses, and Cherry 
Cluster; the largest percentage of fiber per boll was produced by Wel- 
born Pet, Okra Leaf, Peterkin, Hawkins Improved, and King Improved, 
in the order named j the largest percentage of seed per boll was pro- 
duced by Zellner, Eameses, Southern Hope, and Truitt, in the order 
named; and the best grade of cotton, taking all things into considera- 
tion, is Cherry Cluster, the second best Truitt. 

Alabama Canebrake Station, in reporting a test of 13 varieties, says:^ 
*' Peerless and Welborn were the best types of cluster cotton. The 
greatest yield was made by Peerless, Peterkin, and Texas Storm and 
Drought Proof." The same station, in reporting tests of 15 varieties in 
1891, says: "Peterkin and Peerless are the most desirable varieties.'' 

The directions in which we must look for a further improvement in 
varieties will vary somewhat with the latitude where the crop is to be 
grown. In order to be desirable for any locality the croi> must mature 
before the plants are killed by frost, so that, at least for the northern 
cotton belt, it is essential that complete and early maturity be secured. 
No variety which does not mature fully three-fourths of its crop before 
the first of October should be grown north of latitude 32^, and even 
south of that region early maturity is desirable as enabling the crop to 
escape probable injury and loss from October storms, though it is not 
as essential as farther north. 

Individual plants of any variety difler from each other so widely that 
it is an easy matter to select certain ones which hat^e characteristics 



^ Arkansas Sta. Bnl. 18. 

^ Alabama College Sta. Bui. 13 (n. ser.). 

^ Alabama Canebrake Sta. Buls. 11 and 14. 
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making them more desirable than are the majority of those iu the same 
field. All ideal plant should be vigorous in its growth and wholly free 
from disease. The branches should be snflicieutly strong and rigid, so 
that when they are loaded with green bolls they will not touch the 
ground. There is a great diversity of opinion as to the relative pro- 
ductiveness of the "cluster" and the '-limbed'' varieties, both styles of 
growth haviug their warm supporters. Many planters ulaim that the 
cluster or short-limbed varieties are best on deep and rich soil, while 
the longer-limbed sorts are superior for lighter soils. The results which 
have been secured in a large number of comparative tests, however, 
do not seem to show any foundation for this opinion, and indicate that 
the differences, if any, are attributable to other reasons than the mere 
length of the limbs. The short-limbed aad cluster sorts can be planted 
more closely than can those varieties having longer and more spread- 
ing branches, but usually have smaller bolls, and none of the cluster 
varieties produce a long staple. Many of the cluster varieties have 
sharp points to the bolls, which makd them unpleasant to pick, though 
this objection does not apply to all. Most of the cluster varieties 
mature early, though none of them mature as early as do some of the 
medium and short-limbed sorts, and a few mature quite late. Tbe 
general results of the tests made show the cluster varieties to be better 
adapted for cultivation in the mi<ldle and eoutheru cotton region than 
in the extreme northern belt. The bolls should be of good size, and a 
cress section should show a circle and not a triangle with rounded 
corners. When mature they should point downward rather thau 
upward, so that rain and heavy dews will not enter and rot the cou- 
teuta; and they should also open widely enough to permit easy pick- 
ing, but not enough to allow the seed cotton to drop to the ground. It 
is of no advantage to have more than three or foiir divisions or "locks" 
in a boll, as when spherical ia shape, and with a given diameter, its 
contents can be no greater in six sections than in three. The bracts 
at the base of the boll should be small, so that they will not be in the 
way and become entangled with the seed cotton in picking. The lint 
should be pure white in color, strong, even, silky, nniform in length 
and twist, and should be easily separated from the seed iu ginning. 
The staple should be not less than 25 mm. in length, and if 30 mm. can 
be secured it will be still better, though it will not be advisable to 
sacrifice a larger yield for a longer staple so long as the present rela- 
tive prices of the long and short staples are maintained. 

With early maturity and a medium length of staple secured, the only 
additional feature which need be considered is how to secure the 
greatest possible yield of lint per acre. It is often claimed that the 
larger the percentage of but to seed cotton the more valuable tbe variety. 
This belief has no foundation in fact, and is really the reverse of true, 
provided the total yield of lint per acre remains the same. A crop of 
300 pounds of lint and 1,100 pounds of seed per acre is certainly more 
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Taluable than the same crop of lint with only 900 pounds of seed. At 
present prices the seed is an important part of the crop, and if the 
yield can be increased without detriment to the total yield of lint it 
will add just that much to the value of the entire crop. In speaking 
of this matter the Georgia Station says : * 

It may be said by way of caution that there is no necessary relation between the 
yield of lint per 100 pounds of seed cotton and the actual yield of lint per acre. A 
variety may yield a high percentage of lint, calculated on a given weight of seed 
cotton, and yet yield less lint per acre than another variety. It is probably more a 
question of seed than of lint. As the seed contains nearly all of the valuable ele- 
ments taken from the soil, it is but reasonable to expect that a large yield of seed 
per acre will be attended by a correspondingly large yield of lint. We have but 
little doubt that some varieties that are popular with the mass of farmers because 
of their percentage of lint compared to seed simply produce less seed per acre instead 
of more lint per acre. It remains true, however, that a small-seeded variety — small 
in size and small in percentage of the whole — is better for poor land and low culture 
than a variety having a naturally large seed and a smaller percentage of lint. 

It is a well-established fact that large seeds will produce stronger 
and more vigorous plants than small seeds of the same variety. Cotton 
is no exception to tbe rule, and if bred to produce small seeds it will be 
at the expense of the size, vigor, and health of the plant. A heavy 
yield of good lint is the main object to be attained, but this will not 
necessarily follow from a decrease in the size of the seed. Of course, the 
planter can not afford to increase tlie percentage of seed at the expense 
of the lint, but if the pounds of lint per acre can be maintained the 
greater the amount of seed the greater will be the profit. Whether 
or not the weight of seed can safely be increased without a decrease in 
the yield of lint is a matter which has received almost no attention, but 
which, is a promising field for the investigator. 
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CULTURE OF COTTON. 

By Harry Hammond. 
aEOaRAPHY OF THE COTTON BELT. 

The cotton belt covers 24^ of longitude and 10^ of latitude. Exclud- 
ing from the count the greater part of Virginia, more than 100,000 
square miles of western Texas, and the whole of Kentucky, Kansas, 
Missouri, Utah, California, Arizona, and Kew Mexico, in all of which 
cotton has been cultivated and where a larger demand might cause 
its culture to be extended, the cotton-growing region measures nearly 
600,000 square miles, almost one-third of the total area of settlement, 
in 1890, of the United States. The 20,000,00.) acres planted in cotton 
occupies barely 5 acres in every 100 of this extensive region. Scarcely 
50 per cent of this territory is in farms, and not more than one-lifth has 
at any time been tilled. This section contained in 1890 a population 
of over 8,000,000 whites and something over 5,000,000 negroes, in all 
13,651,006, every 100 of them producing 53 bales of cotton, an average 
of 254 pounds of lint per capita. 

The Mississippi River, turned from its southeasterly course to one 
south of west by the bluff lands of Tennessee, Mississippi, and Louisi- 
ana, divides the cotton belt into two nearly equal eastern and western 
portions. Bordering the west of the flood plain of the great river are 
the oak and hickory uplands of Arkansas, Louisiana, and Texas, 
stretching westward more than 200 miles to the black Cretaceous prai- 
ries of Texas. These black prairies descend from Indian Territory in 
a broad crescent, its concave edge facing west and inclosing the more 
elevated red-loam prairies until it thins out into the coast prairies of 
the southwest in the neighborhood of Austin. To the north the oak 
and hickory is bounded by the red lands of Arkansas. The counter- 
parts of these regions are found east of the Mississippi. Moving east 
from the bluff and yellow-loam table-lands that rise from the flood plain 
of the river, we again meet the oak and hickory lands in Mississippi and 
Alabama. Beyond these another crescent of black Cretaceous prai- 
ries, its concave edge, however, facing east, reaches from northwestern 
Mississippi to southeastern Alabama. Northeast from the concave 
border of these prairies lie the valley lands of Alabama, Georgia, and 
Tennessee, the Coal Measures of those States, the gravelly hills of Ala- 
bama, and the central basin of Tennessee. Near the termination of 
these prairies in southeastern Alabama another region is encountered. 
1993— No. 33 15 225 
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This is a prolongation of the Alleghanies, and passes from the local- 
ity named, in a broad belt, to the northeast, across the States of Ala- 
bama, (leorgia. South Carolina and Xorth Carolina. It is known as the 
^ metamorphic or Piedmont region, or, in popular i)arlance, as the region 
of granitic rocks. On the northeastern border of this region, in North 
Carolina, the pine hills are met. The pine-hills region reaches south- 
westward along the southern border of the Piedmont region and the 
Alabama and Mississipjn prairies, traversing all the Atlantic and Gulf 
States, interrupted only by the delta of the Mississippi, until it crosses 
Louisiana and reaches the oak and hickory of Texas. South of the 
pine-hills region is a broad belt of level i)ine lands, coextensive with 
it and everywhere touching either the Atlantic or the Gulf coasts, 
until it reaches the coast prairies of Louisiana and Texas, where it 
terminates. 

In 1801 South Carolina led the other States in the production of cot- 
ton. In 1850 Alabama stood first in the amount produced. Mississippi 
led in 1860-1880, and Texas stood first in this respect in 1890. 

CENTERS OF COTTON PRODUCTION. 

The center of cotton production, the point where the weight of all the 
cotton produced in the various: regions of the cotton belt would stand 
in equilibrium, was located in 1850 a few miles north of Montgomery, 
Ala. In 18()0 this center had moved 200 miles west to a point some 20 
miles northeast from Jackson, Miss. Its movement in 1870 was north- 
east to a point near Carthage, Leake County, Miss. It again moved 
northeastward into Noxubee County, Miss., in 1880. Its movement 
was about 60 miles northwest in 1890 to Kosciusko, in Attala County, 
in the same State. It is probable that since that date the increasing 
crops of Arkansas, northern Texas, and Indian Territory have drawn 
the center of cotton production still farther to the northwest. 

THE PINE LEVELS. 

These extend inland from the Atlantic and Gulf coasts for from 50 to 
150 miles and reach an elevation of some 200 feet above sea level, 
embracing an area of 34,000,000 acres. Forty- four per cent of this area 
is in farms. Eight per cent was improved land In 1890, being an increase 
from 6 per cent in 1880. Only 1 per cent of these lands was planted in 
cotton in 1880, but double that amount was put in in 1890. They pro- 
duced 2.6 and 3.2 per cent of the total cotton crop at the beginning and 
close of the eleventh decade, respectively. The cotton acreage was 
increased during this i)eriod 57 per cent and the cotton crop 62 per cent. 
This was of exceptional occurrence, for it almost always happens that 
an increase in acreage is not accompanied by a proportional increase in 
the yield. Both these increments were considerably greater than the 
increase of the population, which was only 22 per cent. Nevertheless, 
the pine levels are not given as exclusively to cotton growing as most of 
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the cotton belt is ; for while the average product per capita of the cotton 
belt was 231 i^ounds of lint cotton in 1880 and 259 in 1890, only 85 
pounds of lint per capita was produced in 1880 by the inhabitants of 
the pine levels, increasing in 1890 to 99 pounds. This was not due to 
lack of fertility iu the soil, for the product per acre was equal to, and 
in instances greater, than some of the other cotton regions, and it only 
required in 1890 two-tenths of an acre more than the average of the 
cotton belt to produce a bale of cotton here, which, considering the 
very easy tillage of these light sandy loams in comparison with most 
others, did not appreciably increase the cost of production. The yield 
was a bale to 3.1 acres in 1880 and a bale to 2,9 acres in 1890. 

A white population preponderates in 61 of the 89 counties consti- 
tuting this region. The only State in which the negro population is 
in excess is South Carolina, where they were settled long ago upon the 
fertile rice fields and the sea islands, producing long staple silk cotton. 
The colored population was only 19 per cent of the population in this 
region in 1880 and 2o per cent in 1890. That 75 per cent of the popula- 
tion here is white is an observation running counter to the generally 
received opinion that the moist, warm climate of the low latitudes is 
unfavorable to the white man, and that nature intended them for the 
black race. An observation of a similar character in regard to the 
work animals employed In agriculture will have to be changed. The 
mule has been thought especially fitted for work in low latitudes, and 
the South generally has maintained this barren stock at heavy cost. 
Here, in the lowest latitude, the number of horses exceeds that of 
mules in 76 out of the 89 counties in the pine levels and coast region, 
even where the colored race preponderates, they being supposed to 
prefer the mule. 

The farms here are larger than anywhere else in the cotton belt, 
averaging 233 acres to the farm in 1880, and 190 acres in 1890, against a 
general average for the cotton belt of 119 acres to the farm. Sixty-nine 
per cent of these farms are occupied and worked by their owners, only 
31 per cent being rented, in which regard this region again offers a 
striking contrast to the remainder of the cotton belt. 

The tillage of these lands is easy. The average is 37 acres of 
improved land to the work animal as against 22 for the whole cotton 
belt. Three bales for each work animal is the average, which is also 
high, the average for the cotton belt being 2.1 bales. 

The great agricultural need of the pine levels is drainage, and this, 
under the increasing subdivisions of the farms, has not received proper 
attention, and in fact it has not been practicable to drain the land 
properly. Owing to their immense areas of swamp land, their rich 
vegetable mold, resting on marl or phosphate rock, has remained 
untouched. The general culture of cotton is otherwise essentially the 
same as that to be described in the pine-hills region. There are, 
however, two notable exceptions — the culture of Sea Island cotton in 
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South Carolina and Georgia, and of the same cotton in the interior of 
Georgia — which shoald have special mention. 

Culture of Sea Inland cotton, — On the sea islands of South Carolina 
field labor is performed almost exclusively by negroes. Nearly all of 
them are engaged in farming on their own account; a large number own 
farms; a still larger number rent lands for (cultivation, and even the 
laborers are i)aid most generally by granting them the use of so many 
acres of land for certain stipulated services. The largest number of 
acres of Sea Island cotton planted under one management scarcely 
anywhere exceeds 100 acres. The white planters do not average prob- 
xibly more than 30 acres, and this requires that they should be land- 
lords of considerable estates; for, as the laborers are frequently given 
J) to 7 acres for two days' work in the week, and as two days' work per 
week does not suffice for the cultivation of more than 4 acres, to culti- 
vate 30 acres of cotton under this system requires in addition 75 acres 
of land; add to this tlie amount usually planted in corn and other 
crops, and we will have 120 acres. As, under the best system, the land 
lies fallow every other year, the planter of 30 acres of cotton will 
require 240 acres of open land; and as scarcely one-fifth of the land is 
under cultivation, such a planter will probably own 1,200 acres. This 
state of things is owing to the scarcity of capital, and to the low price 
of land and labor. 

Drainage, although said by Governor Scab rooke to be so little attended 
to, has of necessity always been i)racticed to some extent on the sea 
islands. The remarkably high beds on which the cotton is planted 
l)ere — 18 inches to 2 feet high — subserve this purpose. The best 
planters have long had open drains in their fields. These were gener- 
ally made by running two furrows with a plow and afterwards hauling 
the loose dirt out with a hoe, thus leaving an open ditch, if it may be 
so termed, a foot or more in depth. In recent years the farmers of 
James Island have made deeper ditches and placed plank drains in 
them. Seeing the great benefit resulting from this, they subsequently 
replaced the plank with regular drainage tile. The outlets open on the 
sea at the low- water mark, and the pressure of the water on the pipes 
preserves a constant outflow, even at high tide. In this manner, land 
only 1 of 2 feet above high water is susceptible of thorough drainage to 
the depth of 4 and even of 5 feet. The borders of these islands being 
usually the highest part and the richest laud in the interior often 
much lower, a wide field for improvement is offered in this direcjtion. 

In the early part of the century, when agriculture had so far devel- 
oped the value of these lands as to make $60 an acre a not unusual 
price, the use of the plow was entirely unknown here and all the opera- 
tions of tillage were performed by hand with the hoe alone. This con- 
tinned to be the usual j)ractice until 18C5. Since then plows have come 
more and more into use, until their employment became quite general. 

Fallowing is practiced to the extent that land planted in cotton one 
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year is pastured the next by cattle and sheep but not by hogs, and it 
is claimed that great benefit is derived by having the loose soil of these 
islands thus trodden by stock during the year they lie fallow. The 
rapid growth of bushes, briers, and weeds is kept down by the stock, 
and the large growth of cotton stalks of the previous year, after fur- 
nishing food fbr the animals, is broken up and scattered. If care be 
taken 'Hhat the grass is not eaten so close as to expose the soil on the 
top of the beds to the summer sun," it is found when the stock is 
turned off in November to range through the cultivated fields that the 
pasture '• is in exactly the Tight condition for the coming season's cotton 
fields, with no cotton stalks or troublesome growth to be got off or 
under the land and make it too husky." 

A mule can do the plowing required in the cultivation of 30 acres of 
Sea Island cotton, and can, in addition, cultivate a sufficiency of land 
to supply corn for its own feed. The first step in the preparation of 
the land is to hoe off the weeds ("hurricane"), cut up the cotton stalks, 
and pile and burn tliis litter. This costs 40 cents an acre. Bushes are 
grubbed up at 7 cents an acre. The land is not thoroughly plowed, 
but in February two furrows are run with a single-horse turning plow 
in the middles between the old beds, leaving a trench 7 or 8 inches 
deep. In this furrow a subsoil plow may or may not be run, according 
to the character of the soil — whether wet or dry. On James Island, 
where underdrainage is practiced, this furrow is generally used. 
Before plows came into use this trench was never made, and even 
now it is omitted by some of the most successful planters. In this 
trench, or in the middle of the alley when no trench is made, the 
manure is placed. This consists usually of 20 cart loads of marsh mud 
and 1,000 to 1,400 pounds of cotton seed to the acre. Stable and lot 
manure, together with compost of marsh mud, are also applied at the 
rate of 40 cart loads to the acre on such portion of the land as the lim- 
ited number of stock belonging to the farmer enables him to treat in 
this manner. On the lines of manure thus laid down a certain quantity 
of commercial fertilizers is drilled. This practice, formerly unknown, 
is very common now, even the smallest negro farmers often going 
heavily in debt to obtain these fertilizers. The land is now ready for 
listing, which is done by hauling the soil from the top and sides of the 
old beds onto the manure with a hoe. A more recent practice is to 
lap in with two furrows of a turning i)low on the manure. This last 
costs only 17J cents per acre, while the listing with the hoe costs 80 
cents, although the latter has the advantage of bringing all the humus 
and vegetable mold directly to the spot where the roots of the plant 
are to grow. Over the mass of dirt, weeds, manure, etc., thus collected 
in the old alley a double roller 5 feet from center to center and weigh- 
ing about 800 pounds is passed to press together and compact the whole, 
completii^g two rows at a time. All this should be finished by the first 
to the middle of March, and the bed is then built up by lapping in two 
more furrows on a side with a single or double horse turning plow. 
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The land is now ready for planting, which may begin any time after 
March 20, but April 1 to 10 is the time preferred. Cotton planters are 
not generally us(»d. Three laborers do this work j the one ahead chops a 
hole with a hoe, on the top of the bed, at intervals of 12 to 18 inches; 
another drops eight or ten seed in each hole, and a third follows and covers 
carefully with the hoe. Three to four pecks of seed are used to the acre. 
The seed makes its appearance above ground in eight to twelve days 
iafter it is planted, and the stand is perfected from the second week in 
April to the lirst week in May. Hoeing begins about the first of May. 
The second hoeing takes place the last of May. The plows then break 
out the middles (the spaces between the new beds where the old beds 
stood). The hoe hands follow and pull u]) the loose dirt left by the 
plows to the foot of the cotton. This is called ^-hauling," and by it the 
new bed is completed, the cotton is kept from ''flagging" (falling down), 
and the grass is kept under. It costs SO cents an acre. At the second 
hoeing some stalks are thinned from the bunch in which the seed 
breaks the ground, and at each succjeeding hoeiiig and hauling other 
stalks are removed until in July only one stalk of each bunch is left. 
There are four hoeings and fcmr haulings, one or more furrows with 
a sweep being run through the middles previous to each hauling. By 
the last of July the culture is comi)leted, except to run a furrow between 
the rows in August to destroy the grass and keep the (cotton growing. 

The first blossoms appear about the middle of June, when the cotton 
is 15 inches high, and the bolls open in August, when the jdants have 
attained a growth of 4 to 5 feet. Cotton picking commences from the 
last week in August to the first week in September. By the 15th 
of December the crop is gathered. 

When the cotton has been picked, weighed, and housed, it is next 
spread out in the sun on what is called an ^' arbor." This is a platform 
25 feet or more square made usually of inch boards. Here the sun and 
air dry the cotton, preventing it from heating, which it is liable to do 
when stored in bulk, and, it is also thought, causes the lint to absorb some 
of the oil in the seed, which adds to the silky luster of the fiber. After 
being thus dried, it may be either stored or passed at once to the whipper, 
a machine that knocks the dust and sand out and leaves the cotton 
whiter and more 0])en. Formerly it was all assorted. A hand \\as 
given 150 pounds of seed cotton as a day's task, which he thoroughly 
overhauled, pi(;king out all specks, stained cotton, fragments of leaf, 
etc. At present, however, this is usually done by two hands, who 
examine the cotton as it passes to the gin, and two others behind the 
gin, who pick out cracked seed, motes, etc., as the lint issues from the 
gin. The roller gin in some form has always been and still is used for 
detaching the lint from this black seed cotton. 

The first successful crop of Sea Island cotton was grown by WiUiam 
Elliott on Hilton Head in 1790. In 1805 this quality of cotton sold for 
30 cents per i)ound, while uplands were selling at 22 cents; in 1816 at 
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47 cents, with uplands at 27 cents. The crop of 1825 amounted to 
26,039 bales, of which 7,779 were grown in Georgia, and the balance in 
South Carolina. In that year Mr. Kinsey Burden, of South Carolina, 
sold 60 bales at $1.10 per pound. The same gentleman sold his crop 
of another year for $1.25 per pound, when the average price of uplands 
was 9J cents. He also sold two bales in 1828 at $2 a pound, which is 
the highest price on record. The crop of Sea Island rose to 36,776 
bales in 1829, of which 13,729 were made in Ge rgia, and the remainder 
on the sea islands of South Carolina. The crop fell off in 1839, South 
Carolina still leading with 9,975 bales, and Georgia making 4,225. Tho 
two States together liiade 20,484 bales in 1849, South Carolina making 
18,924. During the lifties this culture was extended to Florida, and 
that State produced nearly 11,000 bales in 1856. In 1859 Florida led 
with a crop of 20,353 bales, while South Carolina made 13,391 and 
Georgia 10,352. The Sea Island crop exceeded 26,000 bales in 1869 
and in 1879, in both years Florida producing a larger crop. In 1870 
Texas contributed 704 bales of Sea Island cotton, and in 1871 made 1,100 
bales 5 since that date the cro^) there has gradually dwindled down and 
there is no record of it after 1882-83. In 1889 the crop reached 46,841 
bales, Florida producing 25,111 bales, Georgia 12,431 bales, and South 
Ca;rolina 9,299. It was about this date that this culture began to 
develop among the small farmers of the pine levels at a considerable 
distance inland from the sea. So successful has this adventure proved 
that in 1894 the Sea Island crop of Georgia rose to 39,367 bales, while 
that of Florida fell to 19,107, and South Carolina, where this culture 
had originated and flourished longest, fell back to a crop of 2,578. It 
had seemed for many years that islands on the South Carolina coast pos- 
sessed a natural monopoly for the production of the finest staple. At 
that time the culture was conducted under the superintendence of men 
of high intelligence, and the selection of the seed and the cultivation and 
preparation of the crop for market was attended to with great skill 
and the most scrupulous care. At present it is chiefly in the hands of 
small farmers of the colored race, whose intelligence, skill, and care are 
wholly occupied in securing a bare subsistence for themselves. It is 
doubtful if there is any local monopoly of the production of long- 
staple cotton. It has been grown successfully in the up country, more 
than 100 miles from the coast, and all the seed from which the finest 
strains of Sea Island cotton have been derived came from seed planted 
in the interior of South Carolina, for several years, during the late war. 
The extent to which the manufacture of these long staples in the United 
States has increased in recent years is noteworthy: In 1870 only 5 per 
cent of the crop was consumed in this country; by 1880 the consump- 
tion had risen to ^-y per cent; and in 1894, although the crop had 
increased 130 per cent, nearly 40 per cent of it was consumed at home. 
In addition to that, a very large amount of long-staple cotton — perhaps 
more than 10,000 bales — was imported from Egypt for manufacture. 
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The Egyptian cotton is inferior to the finest grades of Carolina Sea 
Island, and it is also inferior to the Santee and Florida, the growth of 
which has so greatly increased of late years. It competes with the 
long-staple uplands, the cultivation of which was very profitable some 
years since, but which have been almost entirely abandoned owing to 
being supplanted by imports from Egypt. 

The culture of Sea Island cotton in the interior of Georgia is not so elab- 
orate as the method described as i)ursued on the coast. Seed is brought 
every year from the coast in quantities to plant patches sufficient to fur- 
nish seed for the whole crop the ensuing year. The seed of the second 
season is thought to do better, but after that the staple deteriorates and 
seed is used which has been planted away from the coast only one year. 
They use a very eflfective homemade implement for cutting down the 
old stalks. It is a roller on which iron blades are fastened longitudi- 
nally. Shafts are attached and it is drawn by one horse along one row at 
a time, cutting the stalks into lengths of 8 to 10 inches. The general 
culture resembles that of upland cotton, and is usually performed 
entirely by the farmer and his family. They raise their own supplies 
and provisions to sell, such as poultry, eggs, honey, and country-cured 
hams. Elsewhere the falling off in the long staple crops of the coast 
and Florida indicates a depression as great, or greater, in this culture as 
. in any other branch of agriculture. 

The average value of farm lands in the pine levels is lower than else- 
where in the cotton belt, but it rose during the eleventh decade from 
$2.09 to $4.01 per acre, while unimproved land may be bought for 50 
cents an acre. 

Five per cent of these lands in North Carolina are said to produce 
three-fourths of a bale to the acre without fertilizers, 20 per cent half 
a bale, and 50 i)er cent one-third of a bale. Five estimates of the cost 
of production there in 1880 ranged from 5J cents per pound of lint to 
10 cents, the average being 7.3 cents. Wharton gives the cost of the 
crop of 1891 as 7^ cents and of 1892 as 11 cents, owing to unfavorable 
seasons, and the average for three years as 8 cents. The crop of Mr. 
Nobles cost 7 cents in 1892 and 5J cents in 1893, the reduced cost 
resulting from diminishing the acreage and planting other crops. 

In South Carolina the cost of growing Sea Island cotton was esti- 
mated in 1880 at from 15 cents to 21 cents per i)ound of lint, with a net 
profit per acre of $38 to $78 at the prices then prevailing. Tlie cost of 
producing short staples in the interior was placed then at 6 J cents; 
estimates in 1893 give the cost of short staple at 5 cents on the best 
and 10 to 14 cents per pound on the poorest land. 

In Georgia the cost of producing short staple in the pine levels was 
estimated in 1880 at 8 cents to 10 cents per pound 5 in 1892 it is placed 
at 7J cents. The cost of growing Sea Island cotton was thought to be 
50 cents a pound in 1880. 

In the Alabama pine levels about 1 per cent of the land produces, 
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without fertilizers, a bale to the acre, at a cost of 3 cents a pound; 2 
per cent, three- fourths of ii bale, costing 3.4 cents 5 15 per cent, half a 
bale, costing 4 cents; 30 j)er cent produces one- third of a bale, costing 
5.8 cents. 

On the pine levels of Mis8issip{)i in 1880 cotton seems to have been 
produced cheaper than anywhere else in the State, the lowest estimate 
for the whole State, as to cost of production — 4 cents — being given 
there. In 1893 the estimate of cost of production is 4 cents on the 
best land and CJ cents on the i)oorer lands. 

THE PINE-HILLS REGION. 

This region stretches inland from the northern border of the pine 
levels along the whole extent of the latter, reaching an elevation of 200 
to 400 feet above sea level. The country is rolling, and the open pine 
.woods of the pine levels is replaced by a long-leaf pine woods, with 
an undergrowth of many varieties of oak, and some hickory. This 
region covers over 39,000,000 acres, 58 per cent of which is in farms. 
Twenty-two per cent of the whole area consists of improved land, and 
7 per cent of it was planted in cotton in 1890. It produced in 1890 15 
per cent of the whole cotton crop, the acreage having been increased 
34 per cent, and the crop 37 per cent, during the eleventh decade. 

The increacse in acreage was general except in the long-leaf pine 
hills of Texas, where a slight falling off was shown. It was greatest 
in South Carolina, amounting there to 04 per cent. The increase in the 
crop was not so uniform. There was an actual decrease in Xorth Caro- 
lina, notwithstanding the increased acreage, as well as in Texas.' In 
South Carolina the increased acreage produced a larger crop by only 
57 per cent, but in (xcorgia, Alabama, Mississippi, and Louisiana, the 
crops were increased very considerably more than the acreage. 

This region contains Burke, the county of largest cotton production 
in Georgia; Mecklenburg, the banner cotton county of North Caro- 
lina, and Barbour, second in production among the counties of Alabama. 
The credit, however, of producing more cotton in 1890 than any other 
county in this region belongs to l^arnwell, in South Carolina, which 
grew 50,170 bales, i)lacing it fourth in the list of cotton-producing 
counties in the cotton belt for that year, the others being Abbeville, 
S. C, and Washington and Bolivar counties. Miss. 

The population did not increase so rapidly as the acreage and crop 
of cotton, being only IG per cent greater in 1890 than it was in 1880. 
Although the white population preponderates in 63 per cent of the 
counties constituting this region, being more numerous than the colored 
race in Xorth Carolina, Alabama, Mississippi, Louisiana, and Texas, 
nevertheless the pine hills of South Carolina and Georgia are so 
thickly settled with negroes that it made this race count for 51 per 
cent of the whole population of the region in 1890. The colored race 
was 53 per cent of the population in 1880. The per capita production 
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of cotton amounted to 275 pounds of lint at the beginning and 337 
pounds of lint at the close of the eleventh decade. 

The work animals are mostly mules, especially in Georgia and South 
Carolina, where there are large colored populations; in Mississippi, 
Louisiana, and Texas, where the whites preponderate, there are more 
horses. The acreage of improved land per work animal is 33 acres, an 
increase of 3 acres during the eleventh decade. This acreage is greatest 
in North and South Carolina (40 and 37 acres, respectively) than it is 
in Louisiana (19 acres) and in Texas (G acres). Four and one-tenth 
bales of cotton were produced to the work animal in 1890, against 3.7 
bales in 1880. Everywhere with the increase of arable land to the 
work animal there was also an increase in the cotton produced to the 
animal. 

The average size of the farms in the pine hills in 1890 was 134 acres, 
being a decrease of 27 acr^s to the farm since the census of 1880. Forty- 
three per cent of these farms were under 50 acres, an increase in the 
number of farms of this class of 3 per cent during the decade. During 
this period there was a decline in the number of farms worked by owners 
of 5 per cent, only 53 per cent belonging to that class. There was no 
increase in the number of farms rented for a share of the crop, and the 
larger number which were rented were rented for fixed money rents. 

Marlboro County, in South Carolina, is a typical cotton county of this 
region. It i)roduced in 1890 32,306 bales of cotton on 58,830 acres, 
being a little over a bale to 1.8 acres, a yield not exceeded anywhere 
excex)t in the alluvium of the Mississippi Kiver. 

The prevailing tendency of agriculture in the cotton belt may be 
illustrated by the changes in the expenditure of agricultural energy 
that have taken place in Marlboro in the last fifty years, exhibited by 
the per capita production of the leading staples of the farm, as follows: 

Production of crops and farm stock per capita in Marlboro County j S. C. 



Year. 



1840 
1860 
1890 



Cotton 
(lint). 


Cereals. 


Horses 

and 
mules. 


Neat 
cattle. 


Swine. 


Pounds. 

71 

437 

647 


Bushels. 
36 
29 
21 


0.20 
.20 
.16 


1.10 
.66 
.11 


1.90 

1.68 

.39 



Sheep. 



0.34 

.28 
.01 



The change has been continuous and progressive from a more or less 
mixed husbandry to one which has made everything subsidiary to 
the production of cotton. The lands of Marlboro were thought to be 
exhausted in the early part of this century, and numbers of the popu- 
lation emigrated to the fresh lands of Alabama. The lands they left 
were level and wet. An extensive system of drainage was instituted, 
and in the course of forty years it is thought that the general water 
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level has been lowered 5 feet. This was the foundation on which they 
built. 

From one-third in some parts to two-thirds in others of the field 
work was done by whites in 1880, notwithstanding that the colored 
X)opulation has largely increased since the improvement in the cotton 
crop, their services being in requisition for i)icking that crop. The size 
of the farms is larger than in the other counties of this region in South 
Carolina, and the occupancy by owners is greater. Very little of the 
land lies fallow. Cropping is continuous. Fields planted in cotton for 
fourteen successive years produce better than tbey did at first, nota- 
tion of crops when practiced is similar to what it is elsewhere— cotton 
one year, corn the next, followed by oats in the fall, the oats followed 
the ensuing summer by corn and peas, or by peas alone. The fourth 
year the stubble is broken up, 8 to 10 inches deep, and cotton planted 
again. The culture of very little land has been abandoned of late. 
Within the eleventh decade the improved land has been increased 27 
per cent, and the estimated value of farms 74 per cent. 

Green manuring with the cowpea sown broadcast has been exten- 
sively practiced, and when cotton is laid by, peas are often drilled 
between the rows, where the beds for the next year's cotton crop is to 
be thrown up. ^11 of the cotton seed, or its equivalent in meal, is 
returned to the soil, either aloue or composted with stable manure, 
woods mold, and superphosphate of lime. In 1880 an average of $4.77 
per acre for each acre in cotton was expended in commercial fertilizers. 
After clearing the old stalks, or breaking the stubble land, a furrow 
with a shovel plow was run in the old alley, or the land broken broad- 
cast was laid off in 4-foot rows with the same implement. The cotton- 
seed compost and stable manure were placed in this furrow and the 
bed built upon it with single-horse turn plows. This should be done 
early in February to i)revent the cotton seed from sprouting and coming 
up. Another point is to get the manure covered as deeply as practica- 
ble, so as to keep it moist. Even after the greatest care, the farmer is 
often disappointed to find his manure brought to the surface during 
cultivation, where, exposed to the dry heat of summer, it is of no avail. 
It appears that the particles of the soil are not at rest, but under 
various influences, especially rains, they cave in and settle. The law 
of specific gravity operates, and in time the diverse components are 
assorted and find their respective levels as surely as cork floats or lead 
sinks in water. 

Planting takes place in April, usually with a seed sower. Early 
planting is best, except for the risk of damage by frost, for late plant- 
ing may lack moisture to come up to a stand. The after culture is with 
the hoe, to keep the cotton clean in the drill. This is most easily done 
in fields planted continuously in cotton, because the long summer cul- 
tivation, especially if done thoroughly late in the season, is very effect- 
ive in destroying the seeds of every variety of grass and weeds. Each 
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hoeiDg is followed by the plow, which throws the dirt close up to the 
stalk. The cultivation of cotton throughout the pine hills does not 
vary much from this. In some places the labor of knocking down the 
cotton stalks with a club or pulling them is avoided by using a stalk 
cutter. The usual form is a gum log IS inches in diameter and 6 feet 
long set to roll in a frame, to which a tongue for two horses is fitted. 
Bars of iron 3 inches by ^ inch, sharpened on one edge, are fastened 
edgewise by staples to the log. A man and two horses will cut up the 
stalks on 10 to 12 acres a day with this implement, taking two rows at 
a time. 

Before the profuse use of commercial fertilizers was depended on so 
largely, the cotton growers considered it of extreme importance to have 
the plants exactly spaced, so that each might obtain its share of what 
the unaided soil had to offer. This was effected in various ways. A 
man was furnished with a dibble to make holes, in which he dropped the 
seed, covering them with his foot. A pointer extending from the dibble 
marked the spot where each successive hole was to be made. Another 
arrangement was to drag the beds off*, two at a time, with a drag pulled 
by a horse walking in the alley. This left a fresh surface free of grass. 
The drag was followed by a horse pulling two wheels, on which cogs, 
spaced at the desired distances, made the holes for the seed in the two 
rows that had been dragged off. The dibble was followed by four 
women or children, who dropped the seed in the holes, and the operation 
was completed by covering a single row with a scraper pushed by hand, 
or two by a board drawn by a horse. Nearly perfect stands were 
obtained and kept by this precision, for there could never be any doubt 
when a hill was missing or was cut up by the hoe hand, and careful 
replanting was required. There were 210 hills to the acre row, 60 rows 
to the acre; and if the stalks bore bolls on the average, half a bale 
was made to the acre, a fair and pretty certain average for land with- 
out commercial fertilizers, depending for restoration on rest each alter- 
nate year and such stable manure as could be obtained. Now 6 bolls 
to the stalk would be a failure, for the spacing of the hills being left 
entirely to the judgment of the hoe hand, they stand anywhere from 1 
to 3 feet apart, tliQ deficiency in their number being corrected by the 
application of commercial fertilizers until it has become an axiom that 
cotton will produce equally well when planted 3 by 3 feet, or 4 by 4 feet, 
or 4 by 1 foot. 

Shallow culture has always been aimed at in the light, loamy soil of 
the pine hills. 

Notwithstanding more or less depressing reports, owing to the increase 
of the population and to the increments in repairs and improvements 
which convert the daily labor of the farmer into the fixed capital of the 
country, farm values have risen in the pine hills region during the 
eleventh decade 42 per cent. The largest increase (152 per cent) took 
place in Louisiana and the least (24 i)er ^ ^Tnr^\. r'oroiina. The 
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other States stood in the following order: Alabama, 70 per cent; South 
Carolina, 61 ; Mississippi, 59 ; Texas, 30, and Georgia, 29 per cent. The 
increase in the value of agricultural products for the whole region was 
22 per cent, i*anging from an increase of 98 per cent in Louisiana to a 
decrease of 17 per cent in the pine hills of ISTorth Carolina. The other 
States stood in the following order: Alabama, Mississippi, Georgia, 
South Carolina, Texas. The average value per acre of farm lands was 
$6.18 in 1890, an increase from $4.54 in 1880. These values were greater 
in the eastern and older States, and less in the western and younger 
ones, ranging from $9.30 in South Carolina to $3.45 in Texas. The 
values for the other States stood : ^NTorth Carolina, $7.44; Georgia, $5.93; 
Alabama, $4.31; Mississippi, $4.74; Louisiana, $3.92. 

The estimates of the cost of production were as follovv s : North Car- 
olina in 1880, three estimates, varying from 5 J to 10 cents, average 
7 cents; in 1892, labor, provisions, and rent being cheap, the estimate 
was 3f cents on the best land, and Q.G cents on land making 200 pounds 
of lint to the acre, wliich itself was a good deal above the average 
product of the region. South Carolina, eleven estimates, in 1880, rang- 
ing from 6 to 10| cents, placed the average cost at 8 cents per pound ; in 
1892, five estimates, running from 5^ to 7| cents, gives an average of 
6.63 cents per pound. Georgia estimates for 1880 place the cost at 3 to 
6 cents, under good management, with all necessary supplies. Alabama, 
1880, estimates 8 cents; 1892, cost 4f cents (exclusive of rent) and 7 J 
cents. Mississippi, 1892, cost 6 J cents. These estimates, with one 
exception in Alabama, include charges for interest on plant, rent, and 
management, and would therefore indicate a fair profit. 

MBTAMOEPHIC OB PIEDMONT REGION. 

The northern border of the pine-hills region touches a region extend- 
ing through ^NTorth Carolina, South Carolina, Georgia, and Alabama, 
underlain by granite and kindred rocks, known as the metamorphic or 
Piedmont region. The southern limits of this region are marked by the 
falls of the rivers which, rising in the lofty Appalachian range that' walls 
in its northern borders, pass through it on a steep incline and leave it 
here for a quieter channel through the sands and alluvium of the lower 
country. The whole of this region is not planted in cotton. Two 
mountainous counties of northern Georgia produce none; in six coun- 
ties in western North Carolina 2,000 acres only were planted in it, while 
ten other counties there produce no cotton at all. The area of this 
region included in the cotton belt proper contains 32,000,000 acres, 
and produced in 1890 10.8 per cent of the entire crop. Only 10 per 
cent of this area was planted in cotton, being an increase of 2 per cent 
since 1880. Thirty-five per cent of the region is improved land and 80 
per cent is in farms, being in both these regards a larger percentage 
than elsewhere in the cotton belt. Of the improved lands 30 per cent 
was in cotton in 1890, being 3 per cent more than in 1880. The acreage 
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in cotton rose during the eleventh decade from something over 2,500,000 
acres to nearly 3,500,000. The percentage of increase was greatest in 
South Carolina (35 per cent) and least in Alabama (20 per cent). The 
400,000 additional acres in Georgia were only 29 per cent increase on 
what was in cotton there in 1880. The increase in North Carolina was 
31 per cent, but it was accompanied by a decrease of 7 per cent of the 
crop. During the same period the crop of this region was increased 32 
per cent. The increase of the crop, except in North Carolina, was gen- 
eral. Georgia showed an increase of 42 i)er cent, Alabama of 40, and 
South Carolina of 35. The number of acres required to make a bale 
remained very much the same. The average was 2.8 acres, Georgia 
alone showing greater production, making a bale to 2.7 acres, while it 
required 3 acres to do this in 1880. The per capita production of cotton 
also showed an increase, being 2G9 pounds of lint for each head of the 
population in 1890 against 228 x)ounds in 1880. 

The white population preponderates, only 42 per cent belonging to 
the colored race, a decrease of 1 per cent during the eleventh decade. 
The decrease was marked in South Carolina, Georgia, and Alabama, 
and was accompanied in each of these States by an increase in the per 
capita production of cotton. There was an increase of the colored 
population in North Carolina, and there a marked decrease in the per 
capita production of cotton is to be observed. 

In 1890 the 220,000 farms of the Piedmont region averaged 114 acres 
to the farm, a decrease in* size from 131 acres in 1880. Only half of 
these farms were occupied by owners at the later date, while more than 
half (55 per cent) were so occupied in 1880. The percentage of small 
farms under 50 acres had also increased from 30 per cent to 40 per cent 
of the whole number. The larger porportion of renters paid a share of 
the crop, 38 per cent of the farms being rented on this condition and 
12 per cent for a fixed money rent. In South Carolina and Georgia, 
where the colored populations were the largest, the greater percentages 
of rented farms and small farms were fonnd, and the decrease in the 
average acreage of farms was greatest. The reverse of this was true 
of North Carolina and Alabama, where the proportion of the colored 
population was less. In the same connection it may be noted that 
mules far outnumbered the horses in South Carolina and Georgia and 
the horses outnumbered the mules in North Carolina and Alabama. 
The average of improved land to the work animal increased during 
the eleventh decade from 29 to 34 acres, and was general throughout 
this region. Three and seven-tenths bales of cotton were produced 
to the work animal in 1890, an increase of 0.7 of a bale over 1880. 

Cotton culture in the South has not yet reached that stage of devel- 
opment where everyone has settled down on the best plan. Diversity 
of methods and of implements will be noticed on adjacent farms. 
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Nevertheless, there is almost always some model system which is fol- 
lowed more or less closely and with greater or less success. In the Pied- 
mont region Mr. David Dic^kson, of Sparta, Ga., a very successful cotton 
grower and forcible writer on agriculture, set an example whicli has 
been very widely followed. He advocated deep breaking and subsoiling, 
saying that to stand a two weeks' drought a cotton plant must have 
4 inches depth of soil and C inches depth of subsoil well broken, and 
for every additional week an inch more of soil, with the same subsoil- 
ing. He did not recommend fall breaking, for the winters being usually 
mild and wet, plowed land was exposed to injury from washing and 
leaching, and was apt to run together closer than if it had not been 
broken. In cold, dry winters the reverse is true, but these are of rare 
occurrence in this latitude. The land should be broken as near the time 
for planting as practicable. Commence at the foot of the hill and cir- 
cle round on a level, finishing at the top. Rotation of crops was rest, 
cotton, corn, small grain, and rest again. Rows are laid off 4 feet apart 
with a shovel i)low, running twice in the furrow and leaving it 8 inches 
deep. Into this furrow drill the fertilizer and manure, running a scooter 
plow 5 inches wide on each side to cover it. Build up the bed by run- 
ning a turning plow, going 7 inches deep on each side of the scooter 
furrows and throwing the dirt over them. The bed is completed with 
a large 2-horse shovel running in the middle and bursting it out. Seed 
is drilled in with a planter. As soon as the plants are well up they are 
sided with a 22-inch sweep, running flat so as not to throw dirt, and 
then hoed, not chopped but scraped, the hoe never being raised more 
than 18 inches from the ground. The plants are left two or three 
together the width of the hoe apart, it being desirable to have eight 
stalks to the yard. Cotton thick in the row with good distance between 
the rows fruits earlier and better. The wing of the sweep should be 
turned up for the next plowing and a little dirt thrown to the cotton. 
The sweeps should be kept constantly sharpened, and should never run 
deeper than one-half to 1 inch. Two hoeings and ten furrows with the 
sweep, eight to side the cotton and two to split out the middle of the 
row, complete the working. This makes IJ days' work of a mule to 
the acre, going 1C.6 miles a day. In picking, hands were trained to pull 
out all the cotton from the boll at one movement of the hand. Pickers 
trained in this way gathered two to three bales a week for Mr. Dickson. 
He commenced using fertilizer in 1846, and was the first farmer in 
Georgia to do so, and his success induced many others to make enor- 
mous expenditures on this account. He did not think homemade 
manure any cheaper than commercial fertilizers, although he recom- 
mended its saving and use. It must be said that very few farmers get 
through their croi)s with two hoeings ; four are more frequently required. 
Crab grass, which pervades the whole cotton belt, is easily killed when 
young, but when it forms a stool and tillers not only is its growth rapid 
but its vitality is greatly augmented. ^' Crab " is a corruption of ^' crap," 
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which is in turn the corrupted pronunciation of "crop" in some rural 
dialects. De Brahm, writing in 1752, says of it: 

New land produces scarcely any grass, and one hoeing will do for the season, hut 
the grass comes and increases in snch a manner that sometimes three hoeings are 
scarcely sufficient in one season, and when this comes to he the case the planters 
relinquish these iields for pastures and clear new ground of its wood. 

It is on account of this grass, also, that most farmers prefer to hoe 
before plowing, to make sure of cleaning the drill of this fine grass, 
which is likely to escape notice if the dirt has been moved by the 
plow, so that until a shower has settled the dirt after plowing the drill 
can not be thoroughly cleaned by the hoe. The hoe also necessarily 
removes some dirt from the plant and should be followed by the plow 
to return it. Few farmers are able to plow only one-half inch, or even 
1 inch deep, as Mr. Dickson did, although it would be very desirable to 
do so. If carefully measured, the depth of the cultivating furrow will 
be found to exceed 2 inches more frequently than it falls below it. 

The counties leading in cotton production are Mecklenburg, N. C; 
Abbeville, S. C. (which stood third among the counties of the cotton 
belt in the annual production in 1890) ,• (>oweta, Ga., and Chambers, 
Ala. The value per acre of lands in farms increased during the 
eleventh decade from $6.07 x^er acre to $8.42. It stood as follows in 
the diti'erent States: North Carolina, $6.75 to $8.70; South Carolina, 
$5.91 to $8.75; Georgia, $6.01 to $8.38; Alabama, $4.17 to $5.43. 

The cost of producing a pound of cotton lint in the Piedmont region 
is stated as follows: North Carolina, 1880, four estimates, varying from 
4.6 to 10 cents, average 6.2 cents; 1892, six estimates, varying from 
5 to 8 cents, average 6.3 cents; South Carolina, eight estimates in 1880, 
varying from 5.71 to 8.25 cents, average 6.91 cents; 1893, eight esti- 
mates, from 5 to 8 cetns, average 5.7 cents; Georgia, 1393, six esti- 
mates, varying from 5f to 8J cents, average 6.76 cents; Alabama, 1893, 
one estimate, 8 cents, which is the same as the cost given by Professor 
Smith for the whole State in 1880. 

SAND-HILLS REGION. 

The Piedmont region only touches the pine hills at certain points. 
Between them lies a belt of sand hills 500 to 800 feet in height, being 
often higher than the Piedmont counties immediately north of thein. 
The sand-hills region extends through North Carolina, South Carolina, 
and Georgia. On reaching Alabama it passes between the Piedmont 
region and the black prairies, and, circling northwestward around the 
Coal Measures, spreads out in Tennessee and Kentucky. The total area 
is 6,000,000 acres, HQ per cent of which is in farms and 5 per cent in 
cotton. It produces about one- tenth as much cotton as the Piedmont 
region, or 1.6 per cent of the total crop. During the eleventh decade 
the acreage in cotton increased 30 per cent and the crop 28 per cent. 
This was much more than the increase in the population, which was 
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only 17 per cent. Sixty-five per cent of the population is white, and 
here, as in other places where this occurs, it is found that horses are 
more used than mules; that a larger number of farms are occupied by 
owners; that the small farms are fewer, and that the size of farms (150 
acres) is larger. Nevertheless, in most of these respects farming in the 
sand hills is changing in accordance with the general changes that are 
taking place in the cotton belt; farms are decreasing in size, small 
farms under 50 acres are increasing, owners occupy a smaller percent- 
age, and a greater number are being rented. 

The culture of cotton here resembles that of the adjacent regions, 
except that up to this date larger food and forage supplies and more 
stock have been raised here. 

THE PRAIRIE REaiON. 

This region of the cotton belt includes the black prairies of Alabama, 
Mississippi, and Texas, the coast prairies of Louisiana and Texas, the 
gray-silt prairie of Arkansas, and the red-loam prairie of western 
Texas. The Texas prairies farther west, being sparsely settled, produce 
little cotton. The region thus indicated covers more than 65,000,000 
acres, of which only 44 per cent in 1880 and 55 per cent in 1890 was in 
farms. The percentage of improved land rose from 12 to 27 per cent 
during the eleventh decade and the x^ei'centage in cotton from 4 to 6 
l)er cent. In 1880 the prairies produced 1G.3 per cent of the whole cot- 
ton crop; in 1890 they produced 20.6 per cent. The acreage in cotton 
hud increased 48 per cent and the product 68 per cent, while the popu- 
lation had only increased 23 per cent, the per capita jjroduction of cot- 
ton rising from 277 pounds of lint to 381 jjounds. The largest percentage 
of total area in farms was in the older States of Alabama (72 per cent) 
and Mississippi (74 per cent), and the smallest in the coast prairies of 
Texas west of the Brazos (24 per cent). The percentage of increase 
in the farm area was greatest in the, red-loam prairies of western Texas 
(160 per cent), and there was a slight decrease in the prairies of north- 
eastern Mississippi, at the other extreme of this region. These red- 
loam prairies produced only 10,000 bales in 1880, and it was thought 
that cotton culture had at last reached its western limit here, but the 
returns of 1890 showed an increase to 74,000 bales, and the limits of 
cotton culture were moved still farther westward over a wide extent of 
country, which produced, however, only 6,000 bales in 1890. The most 
notable increase in the area in farms took place in the central black 
prairies of Texas (35 per cent), for it was accompanied by a doubling 
of the area in cotton and an increase of 146 per cent in the cotton pro- 
duced, the 249,000 bales made there in 1880 being increased to more 
than 600,000 bales in 1890. When it is remembered that only 7 per 
cent of the area of these black prairies in Texas is in cotton, against 
18 i)er cent in the black prairies of the older eastern State of Alabama, 
an idea may be formed of the extent to which the production of cotton 
1993— No. 33 16 
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might be developed. There is good reasoD to believe that the 21,000,000 
acres of the ceutral black prairie of Texas conid, if need be, produce 
the entire crop now grown in the South. 

Dallaa Contity, Ala., stands first among the cotton -producing counties 
in the prairies of that State, with a crop of 42,000 bales iu 1890; but 
this was far below the crop protlucetl as far back as 1860, which was 
over 63,000 bales. So, too, Hiuds County, Miss., led the prairie coun- 
ties there, with a crop of 42,000 bales in 1890, which again fell short of 
the crop of 51,000 bales which it produced in 1860. Ellis County, Tex., 
which made only :i,000 bales in 1860, led the black prairie counties of 
that State in 1890 with a crop of 42,000 bales; in 1892 it made a crop 
of 50,000 bales, and in 1894 more than .'»9,flO0 bales were shipped from 
Waxaha«bie, the county seat, and the best estimates plat^e the crop of 
the county for that year at 100,000 bales. This gives it the distinction 
of leading all the other counties of the cotton belt m the amount of cot- 
ton produced. 

In 1880 40 per cent of the population of the prairies was colored ; in 
18(H) the percentage had fallen to 39. It stood, iu Alabama, 78 per cent; 
in Mississippi, 51 i>er ceut; in Louisiana, 44 per cent; in Arkansas, 37 
per cent; in Texas, 18 per cent. 

The following table shows the figures given in the Eleventh United 
States Census in regard to land tenures in the prairie region, and also 
the size of farms, motive power iu agriculture, value of farms per acre^ 
and the acres required to make a bale: 
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These facts point iu one direction, and the general conclusions are 
that where the owners of farms largely occupy them (1) the white 
population generally predominate; (2) horse power is used in preference 
to mule power; (.■?) farms have a larger acreage; (4) farms under 50 
acres — that is, small farms — are fewer; (5) fewer farms are rented; 
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(6) the value per acre of land is greater; (7) the production of cotton 
per acre is greater. Where fewer owners occupy their farms, the facts 
are the reverse of these several statements. 

The lower value of land in the red-loam prairie of western Texas 
apparently forms an exception to these conclusions. When it is pointed 
out that this is a sparsely peopled country, newly settled, it ceases to 
be an exception. The farm acreage, too, on the gray-silt prairies is 1 
acre less than the highest acreage in the second series. The explana- 
tion of this, if any is needed, is that these light soils have been less 
attractive to capital than the rich alluvium to be found in nearly every 
county of well-watered Arkansas; that they tally so well with the more 
fertile sections tends to confirm the general conclusions. In making 
this collocation of facts it is not meant to emphasize any one as the 
only cause of all the others. They go together, and it may be safely 
said that the difference in cotton production and in the value of farms 
does not result from any natural conditions, such as greater or less fer- 
tility of the soil or a more or less favorable climate. The facts already 
given as to the cotton production of the leading cotton counties of 
Alabama and Mississippi in I860, when agriculture was less advanced, 
show that in natural fertility they were not inferior to the black prairies 
of Texas, now the most productive in the prairie region.^ If they have 
become so since it must result from the methods pursued by the men 
who cultivate them, either from choice or the force of circumstances. 

The changes which occurred in the raral economy of the prairies 
during the eleventh decade were similar to those taking place through- 
out the cotton belt. The number of farms occupied by their owners 
decreased; the number of small farms increased and the average size 
of farms diminished; the amount of improved land to the work animal 
increased, and the percentage of the colored population was less. The 
increase in the acreage of cotton was accompanied by a very much 
greater increase in the crop, which was a marked exception to the 
general rule. 

The number and variety of implements recently introduced in cotton 
culture here, especially in the prairies of Texas, is very much greater 
than elsewhere in the cotton belt. The planting year commences there 
December 1 — a month or more earlier than in the East — and a good 
deal of work is done before January 1. If all the cotton has been 
picked, the first operation is to dispose of the cotton stalks. This is 
usually done with a stalk chopper. A number of patented implements 
are used for this purpose. They consist of five to seven steel knives 
over 2 feet in length, bolted to iron arms which revolve in a frame 
swung from another frame supported on two wheels. Two horses pull 
this machine along the cotton row, and the stalks are chopped oti' by 
the revolving knives 2 to 4 inches above the ground and cut into pieces. 



» Tenth Census of the United States, 1880, Vols. V and VI. Cotton Production, 
Parts I and II. (See also chapter on climatology and soils.) 
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A driver rides, and adds his weight to tlie blow of the knives. Some- 
times a double stalk chopper is used, which takes two rows at a time, 
and is pulled by three horses, thus saving one hand and a horse. The 
work is very thorough. Cornstalks are removed by running a heavy 
roller along the rows, breaking them down, when they are raked by a 
very large wooden rake, x)ulled by horses, at right angles to the direc- 
tion in which the roller moved, piling them in windrows, to be burned. 
With both these imi)lement8 a seat is arranged for the driver, and he 
rides. Breaking, and, in fact, almost all the work of tillage and culti- 
vation, is done with two horses. Several varieties of steel plows with 
steel beams are used. A large disk plow is being introduced. It con- 
sists of one to four heavy steel disks revolving in a heavy frame. Four 
to eight horses are required to pull it, and it breaks from 2 to 7 
acres of the tough prairie land to the depth of 8 inches in a day. 
Often, however, the preparation for planting cotton consists only in 
throwing two 2-horse turning-plow furrows into the old alley and 
completing the preparation by running a large 2-horse double-mold 
plow in the last year's bed, making in all only three furrows to the 
row. It is thought best to do this work early, so as to allow time for 
the beds to settle, which are sometimes freshened nj) by running a cut- 
away harrow across them just before planting. A number of excellent 
cotton seed i)lanter8 are used, and they are implements of much greater 
precision than the Dow- Law planter and its modifications, used in the 
East, and their cost is proportionally greater. The object aimed at is 
to deposit the seed regularly in a single line, with barely a space 
between each, which, while it saves seed, obviates their connng up in 
bunches, difficult to thin, and lifting the earth and thus exi)osihg the 
tender stems to the vicissitudes of the spring weather. Practically no 
fertilizers are used, and very little of the manure from the many thou- 
sands of beeves fattened here yearly on cotton-seed meal and hulls is 
utilized. Some farmers say that manures cause the crop to fire in dry 
seasons, and that the natural fertility of the soil suffices, lands that 
have been planted successively for forty years producing better than 
when fresh. There is no doubt that these stiff soils are pulverized and 
rendered lighter and more productive by some years of tillage, but the 
old farmers admit that the effect of contmued cropping is beginning to 
show in a somewhat diminished yield in places. Riding 2-horse cul- 
tivators have been used for many years. Before their use cotton rows 
were made 4 feet apart. Since their introduction it has been found 
that these cultivators clean the rows best when they are spaced 40 
inches, and that is now the most common width. Various shares, to 
suit the circumstances of the case, are used with these cultivators. 
The first workings, which are deepest, are given with 0-inch sweeps, 
afterwards 12-inch sweeps are used, and later sometimes even larger 
ones. The culture is tolerably flat. The double shovel is sometimes 
used, and it is almost the only 1-horse imi)lement used on most of the 
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black Texas lands. Some farmers say they would not know liow to 
hitch up a 1-horse team, so little are they used. It is calculated that 
these sulky cultivators should x>low 10 acres a day, but in practice they 
rarely do more than 7. Two to three hand hoeings are given, and 
plowing, under the best culture, is done six to seven times in the sea- 
son, .more to stir the surface than to kill grass and weeds. Grass is 
not so troublesome here in favorable seasons (moderately dry) as else- 
where. Coco, or nut grass, is not much feared, but there is great 
apprehension regarding Johnson grass. On some farms where it 
appears it is fenced off to prevent its spreading and treated with heavy 
doses of arsenic, which kills the land as well as the grass. This would 
seem hardly necessary, as this grass is readily subdued in the East by 
close x^asturing with stock, and the prairies of Texas themselves fur- 
nish an object lesson of the eradication of the native perennial grasses 
by continuous grazing. All the lands in Texas are fenced in with wire, 
woodland as well as that under cultivation, and cattle and horses 
everywhere feed on the stubble after the crops have been gathered. 

Picking cotton is a heavy item of expense, the usual price being 50 
cents per hundredweight of seed cotton. Cotton pickers here are more 
expert than elsewhere; children C years old sometimes pick 100 pounds, 
and girls of 9 years have picked as much as 200 i>ounds. First-class 
pickers average 500 to 600 pounds a day, and as much as 800 pounds 
occasionally. A white hand was timed in 1894 and picked 60 pounds 
in an hour, or a pound a minute. Such results require a very abun- 
dant blow of cotton, and the picking is not very neat, a good deal of 
trash, such as the hulls of bolls and stems, being mixed with the cot- 
ton. A variety of ^* storm proof" cotton so called because it is. not 
easily blown out by winds, is preferred. Nevertheless, in 1895, it was 
not unusual to see as much as 200 to 300 pounds to the acre of the crop 
of the previous year fallen out on the ground. A good deal of the crop, 
also, was left unpicked, not only where the crop was heavy, but almost 
in the same proportion on the poorer lands. The explanation given 
was that the tenant farmers did not think it would pay, at the prevail- 
ing low prices, to pick, gin, and pack what was in the field for their 
share — three-fourths of it — and so preferred to send their children to 
school, with which no doubt the children heartily agreed, for picking 
cotton in cool weather is not attractive work, being an exercise too ligh 
to keep the blood warm. Cotton is not infrequently left in piles in the 
tield after being picked, a ])ractice long abandoned elsewhere, but less 
ruinous here on account of the dryness of the climate. It is more usual 
to see a white, canvas-covered wagon left in the field, its pole elevated, to 
which steelyards are suspended for weighing the cotton, which is after- 
wards loaded into the wagon and left there until it is hauled to the gin. 
It is not feared that the cotton thus exi)osed will be stolen, which is 
quite different from the case in other States, where it has been found 
necessary to pass stringent laws punishing the pilfering of seed cotton. 
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There is very little storage for cotton in Texas. Wheo it is not carried 
ininiediately from tlie gin to the compress and loaded at once on plat- 
form cars for transport, the bales are placed on edge in open fields, 
protected only by a wire fence, and exposed to rain, wind, and dust. 

The wastefulness of cotton culture is great in Texas, owing to the 
great abundance of the staple. There seems to be a waste in horse- 
power, such small areas being tilled to the horse, and also in wages paid to 
labor, which have ranged from $1G to $18 a month, with shelter, fuel, and 
rations; fully double what they are in the East. It was common to give 
f 10 a month for ten months and $18 a month for the two months during 
the picking season. Owing to the low prices a reduction is being made 
to $10 for ten months and $20 for the months at picking. The fact is, 
very little labor is hired in Texas. By far the larger portion of the 
land is rented out for money rent or worked on shares, the latter being 
done to a much greater extent than is exhibited by the census returns. 

The estimates of the cost of production in 1880 were as follows: Mis- 
sissippi, 1 estimate, 11 cents per pound of lint; Arkansas, 10 estimates, 
varying from 3 to 8 J cents, average G.2 cents; Texas, black prairie, 14 
estimates, 3^ to 9J cents, average 5.3 cents, coast prairies, 7 estimates, 
from 4J to 9^ cents, average Gi cents, red loam prairie, 2 estimates, 
each 4 J cents. Notice is again directed to the fact that where a country 
plants only a limited area in cotton, although that country is apx)ar- 
ently less favorable for this crop than other more fertile localities, 
nevertheless the estimates of cost from the limited area are almost 
always the lowest — an indication that were this culture restricted 
everywhere to narrower limits cotton might be grown everywhere at a 
much lower cost. 

In 1891 circulars were sent from the agricultural experiment station 
in Texas requesting the leading farmers in various parts of the State 
to keep accounts of the actual cost of cotton production in 1892 and 
furnish the figures to the station. All rei)lies not supported by actual 
results were discarded. The replies from seven careful, practical 
cotton growers are summarized in the table below, Nos. 1 to 7. The 
officers of the station undertook themselves to obtain the same infor- 
mation on the State's farms, and these results are summarized in Nos. 
8 to 12. In the statements marked / fertilizers were used; in the 
others the results were obtained from the natural fertility of the soil. 
In only one instance (No. 2) was any charge for management entered. 
No. 6 is reported by Jeff* Wellborn, who gathered the crop of 1,500 pounds 
of seed cotton from the acre with a cotton picker at a cost of 10 cents 
per hundredweight. Figures marked with an asterisk (*) indicate loss. 
Where the price of the seed is not credited it is because they were 
exchanged to pay for the ginning and packing. The price of seed in 
1892 was $6.50 per ton and in 1894 it was $6, but this difference is not 
charged in the tables. The first section of the table shows the actual 
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€OSt of the crop, value of i)roduct, and profit for 1892. The secoud sec- 
tion gives the data of 1892 estimated at the average price (4 J cents) the 
crop would have brought in 1894. 

Cost of cotton pj'oduction. 



Number. 



If" 

2... 

3--. 

4... 

5... 

6... 

7... 

8/.. 

9/.- 
10/.. 
11/-. 
12... 



....••••••( 



Average. 



1892. 



Cost, of 
cultivat- 
ing 1 acre 
in cotton. 



$30.55 
22.32 
13.68 
14.71 
21.31 
13.85 
14.15 
34.90 
29.36 
27.17 
.31.23 
18.84 



22.62 



Lint 

cotton 

produced. 



Value 
of seed. 



^nir Profit 

poTnd! !«' 
of lint. 



acre. 



%di. 
650 


$4.00 


418 


3.00 


250 




250 


1.00 


426 




500 


3.25 


250 




544 


3.50 


484 


3.12 


423 


2.71 


502 


3.22 


283 


1.82 



Cents. 
9 

84 

7 

74 

7 

84 



415 



$31.95 
16.18 

7.57 

4.39 
10.64 
24.40 

7.10 
20.96 
20.34 
16.25 
20.00 

9.21 



1894. 



Value 

of lint 

and 

seed. 



15.77 



$31. 63 
20.77 
10.62 
12.22 
18.00 
24.50 
10.62 
26.62 
23.69 
20.69 
24.56 
13.85 



Profit 
and 
loss. 



$1.08 
*1. 55 
*3. 06 
*2.49 
*3.30 
10.65 
*3.53 
*8.28 
*5.67 
*6.48 
*6.67 
*4.99 



Kent. 



$4.00 
3.00 
3.50 
3.96 
7.98 
4.00 
3.50 
3.00 
3.00 
3.00 
3.00 
3.00 



Proceeds 
per acre, 

rent 
deducted. 



$5.08 

1.45 

.44 

1.47 

4.68 



14.65 
*.03 
*5.23 
*2.67 
•3.48 
*3.67 
*1.99 



•^2.85 



3.73 



.89 



Excluding No. 6 on account of the very exceptional method by which 
the cost of i)ickiug was reduced, the average cost of production varies 
from 4.6 to 6.4 cents. 

These were good crops, making the unusual average of 415 pounds 
of lint per acre. At the prices of 1892 they showed an average profit 
of $15.77 per acre. The same crops made at the same cost would have 
shown an average loss per acre at the prices (4^ cents) of 1894 of $2.85. 
The rents were $3.73 per acre in 1892, and if they are omitted from the 
charges against the crop in 1894 the cotton growers would have had a 
surplus above actual expenses of 88 cents an acre. No charge for man- 
agement was made in any statement except No. 7. The profit in 1892 
was large — larger perhaps, than any profit from auy staple cultivated 
on so extensive a scale. Adding in the rent, there is a clear surplus of 
$19.50 an acre. Counting the land, buildings, fences, stock, implements, 
and working capital at $195 per acre, it was paying 10 per cent (the legal 
rate of interest in Texas) upon them. Taking the average of the black 
prairies of Texas, the investment could not have exceeded $31 5 double 
that, on the assumj^tion that these were choice lands, and still the profit 
was over 30 j^er cent. 

The commissioner of agriculture of Texas in his report for 1892 
states that with a population of 2,500,000 and 250,844 farms there were 
only 57,042 farm laborers working for wages, which explains the high 
wages paid for farm labor, the average being $13.89 per month. If 
* esLch of these farms averaged three cotton pickers and they should only 
pick 100 pounds each a day, it would amount to 50,000 bales daily, or in 
the 100 days of a short picking season 5,000,000 bales could be gath- 
ered if the labor were effectively distributed. 
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OAK AND HICKORY REGION. 

This region lies on the eastern border of the black prairies of Texas. 
It extends over eastern Texas and northwestern Louisiana, and south- 
eastern Arkansas to the Mississippi swamps. Its counterpart in the 
east reaches westward from the northern portion of the black prairies 
of Alabama and Mississippi to the table-lands and bluff region that 
rise from the swamps of the Mississippi River. Four counties in west- 
ern Alabama and three in northeastern Mississippi, just east of the 
black prairies, are included in this region. It covers nearly 43,000,000 
acres, about half of it lying in eastern Texas, and in 1890 it produced 
14.4 per cent of the entire crop, and in 1880 it produced a fraction of a 
per cent less. In 1890 52 per cent of this area was included in farms 
(over 129,000 in number), and 21 per cent either had been or was under 
cultivation, nearly 4,000,000 acres of fresh land being brought in during 
the eleventh decade. This increase was naturally greater in the newer 
Western States than in the older Eastern ones, rising from 31 per cent 
in Alabama to 129 per cent in Louisiana. This region reported in 1880 
a large amount of land turned out of cultivation, which is included as 
improved land in the returns of 1890. Such abandoned fields were 
reported as 20 to 90 per cent of the lands once under cultivation in 
Mississippi, as 15 to 30 in Arkansas, as 10 to 50 in Louisiana, and as 1 to 
50 in Texas. The growth of oak, hickory, and short-leaf pine furnish- 
ing material for an extensive lumber business, is evidence of the orig- 
inal good quality of these soils, which immigration has passed over in 
its movement westward. The area planted in cotton was 7 per cent of 
the entire area and 32 per cent of the improved land, and increased 
45 per cent during the eleventh decade, while the cotton crop only 
increased 30 per cent. The percentage of increase of acreage in cotton 
and the percentage of increase of the crop stood as follows in the different 
States : Alabama, increase of acreage 29 per cent, increase of crop 27 per 
cent; Mississippi, increase of acreage 14 per cent, increase of crop 12 per 
cent; Louisiana, increase of acreage 56 per cent, increase of crop 32 
per cent; Texas, increase of acreage 52 per cent, increase of crop 44 per 
cent; Arkansas, increase of acreage 50 per cent, increase of crop 15 
per cent — everywhere the same story, so often repeated, that an 
ncrease of acreage is not accompanied by a proportional increase of 
crop, but inevitably by such an increase as reduces the price of the 
product in a ratio quite as large as that of the increased cost in culti- 
vating the larger area. Within the last thirty years marked changes 
have occurred in the localities producing the largest amounts of cotton. 
In Texas in 1860 San Augustine County produced 31,000 bales, which was 
not only more than any other county in the oak and hickory region, 
but more, also, than any other county in the State; but in 1890 this 
county produced only 4,000 bales. The attraction of the western 
prairies, and the fact that the county lies off the lines of railroad 
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communication, in part account for this, but this being a well- wooded sec- 
tion lumbering has temporarily diverted attention from agriculture. 
Bossier Parish, in Louisiana, led the parishes of the region in 1860 with 
40,000 bales, but produced only 29,000 in 1890. Pickens County, Ala., 
led in that State with 29,000 bales in 1860, which were reduced to 
18,000 in 1890. Kemper was the leading county of the region in Missis- 
sippi, with a crop of 15,000 bales in 1860, which fell to 14,000 in 1890. 
Arkansas alone is an exception j Jefferson County made 28,000 bales 
in 1860, and increased the crop to 47,000 in 1890. 

During the eleventh decade the product per acre decreased in this 
region, and it required 2.8 acres at the close of the period to make a 
bale which had been done on 2.5 acres at the beginning. This decrease 
in the yield per acre was general. There was also a small decrease in 
the product of lint per capita of the i)opulation, which stood in 1880 at 
358 pounds and in 1890 at 351 pounds. 

There was an increase in the poi)ulation of 38 per cent, which, while 
it was less than the increase in the cotton acreage, was greater than 
the increase in the cotton crop. Fifty-one per cent of the population 
was colored in 1890, which was 1 i^er cent less than in 1880. The high, 
est percentage (oo) of colored population was in Louisiana, which 
showed an increase of 2 -pev cent during the decade, and the lowest 
percentage (30) was in Alabama, showing a decrease of 10 per cent 
since 1880. There was a slight percentage of increase in Arkansas, and 
a slight decrease in Mississippi and Texas. 

The average size of the farms decreased during the eleventh decade 
from 170 acres to 136 acres. This decrease was general, bemg greatest 
in Louisiana, where the size of farms fell from 206 acres to 124 acres, 
and in Arkansas, where the decrease was from 167 to 141. These two 
States had an increase in the percentage of colored population. In the 
other States, which showed a decrease m the percentage of the colored 
population, the decrease was considerably less. The number of small 
farms of 50 acres and under increased from 31 to 34 per cent, and the 
number of farms occupied by owners decreased in a somewhat greater 
proportion from 67 to 62 per cent. The decrease in the average size of 
farms, the multiplication of very small farms, and the decrease in the 
occupancy of farms by their owners, stand parallel to each other, and 
parallel also to a large extent, but not wholly, with the increase or 
decrease of the percentage of the colored population m the several 
localities. The significance of the facts are that the white proprietors 
are turning over the management of the lands to the small colored 
farmers, and that '^40 acres and a mule" has ceased to be an idle dream 
of the freedman. 

Horses on the farms in this region exceed the mules, the latter out- 
numbering them in only 8 counties in Louisiana, Mississippi, Arkansas, 
and Alabama, out of the 89 counties comprising this region. The 
average number of acres of improved land to the work animal was 23 



250 THE COTTON PLANT. 

in 1890, against 16 in 1880; the largest number was 36 acres, in Louisi- 
ana, and the smallest 18 acres, in Texas and Louisiana. An average of 
2.4 bales was i^roduced to the work animal. 

There is no regular system of rotation of crops in Texas. Cotton is 
alternated with corn on fresh land for nine or ten years and then the 
laud is planted continuously in cotton uutil it ceases to produce 600 or 
700 pounds of seed cotton to the acre, when it is abandoned and fresh 
land planted. On the Arkansas oak lands cotton is not infrequently 
planted for ten years in succession. Where rotation is practiced cot- 
ton is followed by corn and then oats, when peas may be planted or 
€otton follow on the oat stubble. There is seldom any fall plowing, 
and the usual practice is, after knocking down the cotton stalks or 
pulling them up and burning them, to lay off* in the middle of the old 
row, if manure or fertilizer is to be used; if no manure is applied the 
land is simply bedded up on the old middle. The land being easy of 
culture for the most part, this is done with a 1-horse plow. Cotton- 
seed planters have come into very general use since 1880. When the 
plant appears the rows are barred off with a scrape or turn plow, the 
cotton chopped out, and the dirt thrown back to it either with a turn 
or shovel plow and sometimes with a scooter. The subsequent x^low- 
ings are done, by i)reference, with sweeps, but in grassy seasons turn 
plows and shovels are used. Two to three hand hoeings and three to 
four plowiugft are required before the crop is laid by, early in August. 
Deep cultivation is said in Mississippi to prevent the plant from run- 
ning to weed and to favor fruiting. Close and deep plowing is prac- 
ticed in Louisiana to effect this. In Texas, root pruning is thought 
eflBcacious; it is done by running a deep scooter furrow on one side of 
the row and after an interval treating the other side in the same man- 
ner. Topping, early planting, and rapid cultivation with the plow are 
recommended everywhere to check growth and cause the plant to fruit. 
Late cotton is thought more apt to run to weed, and also cotton that is 
planted close in the drill. It will be seen that all these practices are 
directly the reverse of what is done in Georgia. In Arkansas, also, it 
is thought boiling is promoted by planting thick in the drill, and run- 
ning to weed prevented by shallow cultivation. It would be difficult 
to reconcile such conflicting methods effecting the same object. What 
experience has taught, however, is not to be lightly set aside, and there 
might be risk in denying that root cutting in the lower latitude of 
Texas did not modify the perennial character of the cotton plant, 
dwarf its growth, and cause its energies to be thrown more toward 
bearing fruit; or that this perennial character beiqg already restrained 
by the climate of the higher latitude of Arkansas, fruiting would fol- 
low on a more conservative culture. 

The value per acre in farms of these lands rose from $4.22 in 1880 to 
to $6.94 in 1890. This value was greatest in Texas ($7.07) and least in 
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Alabama ($3.63). The average value of all the agricultural products 
per acre fell from $10.09 in 1880 to $7.86 in 1890. 

The estimates of the cost of producing a pound of lint cotton in 1880 
were : For Arkansas, 9 estimates, ranging from 4 to 9 cents, average 6.22 
cents; for Louisiana, 7 estimates, ranging from 4^ to 8 cents, average 

6.8 cents; for Mississippi, 1 estimate, 4| cents; for Texas, 12 estimates, 
ranging from 3i to 9J cents, average 6.1 cents. 

The estimates of the cost of producing a pound of lint cotton in the 
oak and hickory lands in 1893 are: For Louisis^na, 6 estimates, varying 
from 5 to 10 J cents, average 6.4 cents; for Arkansas, 5 estiinates, 
ranging from 5 J to 9 cents, average 7 cents. 

BLUFF AND BROWN LOAM TABLE-LANDS. 

This region lies east of the flood plain of the Mississippi River and 
extends eastward to the oak uplands. It reaches from Paducah, on 
the Ohio River, to Baton Rouge, in Louisiana. This region covers more 
than ll,00d,000 acres and produced in 1890 6.8 per cent of the entire 
cotton crop, having produced in 1880 10.4 per cent. During this period 
the cotton acreage increased 21 per cent, very nearly double the rate at 
which the j^opulation had increased, and the crop decreased 13 per cent. 
The area in farms increased from 74 to 77 per cent, it being the most 
thickly settled region of the cotton belt, except only the Piedmont. 
The improved lands increased from 30 to 36 per cent, and the lands in 
cotton from 10 to 12 per cent of the whole area. The percentage of 
improved laud in cotton (35) was the same as in 1880, but it required 

2.9 acres to make a bale, which was made on 2.1 acres in 1880. The 
largest yield was in Louisiana, where 2.1 acres produced a bale in 1880 
and 1.6 in 1890. The cane hills of Mississippi made nearly as much, 
producing a bale to 1.7 acres in each year. The summit in Tennessee 
made the lowest yield, 2.3 acres in 1880 and 4.2 acres in 1890 being 
required to make a bale. The production of cotton per cai)ita was 431 
pounds of lint in 1880 and 347 in 1890. 

Fifty-two per cent of the population was colored in 1890, the per- 
centage having decreased by 2 since 1880. There was a decrease in 
the proportion of colored to white in Tennessee and Louisiana and an 
in(5rease in Mississippi, where it formed 69 per cent of the population. 

Horses outnumbered the mules on farms in '38 out of the 76 counties 
in this region. The general average was 19 acres of improved land to 
the work animal, ranging from 23 acres on the table-land of Mississippi 
to 17 on the bluff of Louisiana. Two and three-tenths bales were pro- 
duced to the work animal in 1890 against 3.2 in 1880. 

The farms averaged 114 acres in 1880 and fell to 106 acres in 1890. 
The proportion of small farms remained the same, but the percentage 
occupied by owners fell from 49 to 46. More were rented for a share 
of the crop than for a fixed money rental. 
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Broadcast breaking of tlie soil is rarely done, except on stubble land 
or land that has been out of cultivation for some time. After cleaning 
off the stalks, the fertilizer or stable manure, when any is applied, is 
put in a shovel farrow in the old alley and bedded on. Cotton is 
planted in ridges 3^ to 4 feet, according to the strength of the land. 
Cultivation commences as soon as the i^lant is fairly up by barring off 
the bed with a scrape or turn plow and sometimes with a bull tongue, 
The cotton is then hoed out and the dirt returned to it with a turn 
plow, shovelj or sweep. Sweeps are used for the later plowings, and 
the cotton is usually hand hoed before each plowing. The weed grows 
larger here than in Georgia and the Carolinas and is not so heavily 
fruited,' the seed are large, and the ratio of lint is less. It is said, also, 
that these seed yield less oil. Under these circumstances the farmers 
are especially desirous of checking the growth of the plant and induc- 
ing it to fruit, particularly in wet seasons. Some admit that there is 
no. remedy for this, but many are persuaded that their n\ethods are 
successful in attaining this end. One recommends shallow culture, 
cultivating as much as possible with the hoe, and early laying by. 
His neighbor is equally sure that deep culture and cutting the roots 
stops the overgrowth and promotes fruiting. Topping is generally 
spoken of as good, and stable manure and sui)er phosphate are recom- 
mended. One set advise that the dirt be thrown to the plant, and 
another that it be drawn away. Early planting and early thinning are 
thought by others to be effective. 

The value per acre of land in farms in this region varied in 1890 from 
$5.64 in Louisiana to $10.92 in brown loam of Tennessee. The average 
for the region was $9.12 against $8.16 In 1880. 

In 1880 four estimates of the cost of production in Mississippi varied 
from 5 J to 10 cents and averaged 7.2 cents per pound of lint. The 
estimates in Tennessee varied from 3J to 10 cents and averaged 8J 
cents. 

The estimates of the cost of production in 1893 were, for Louisiana, 
6.23 to 7 cents per pound of lint; for Mississippi, from 7 to 10 cents 
(average, 8.4 cents) ; for Tennessee, 7 cents. 

THE ALLUVIAL REGION. 

Extensive areas of alluvial lands occur in every Southern State and 
in almost every region of every State. For example, in South Carolina 
there are 400,000 acres of such lands below the falls of the rivers, all 
of it susceptible of drainage, with much that inight be irrigated, while 
scarcely any of it is now cultivated. In such well-watered States as 
Arkansas and Louisiana there is scarcely a county in which corre- 
spondents do not mention the cultivation of bottom lands; but when 
the alluvial region of the cotton belt is spoken of it is meant to desig- 
nate the bottom lands of the Mississippi, the Eed, and the Brazos 
rivers. The region thus located contains very nearly 30,000,000 acres^ 
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only 34 per cent of which is in farms, 12 per cent improved, and 
6 i)er cent in cotton, producing 14.4 per cent of the entire cotton crop 
in 1890 and 14.6 per cent in 1880. Thirty- five per cent of the improved 
land is in cotton, and no change in this regard is shown since 1880. 
The aggregate increase in cotton acreage is large, Gl per cent being 
added to the acreage of 1880, which was accompanied by an increase of 
yield of only 29 per cent, something more, however, than the increase 
of the population, which was 25 per cent, raising the per capita pro- 
duction from 368 pounds of lint in 1880 to 393 pounds in 1890. The 
average of the whole region was a bale to 1.8 acres, while in 1880 this 
amount was produced upon 1.4 acres, a decline, but still a yield per 
acre far ahead of any other region of the cotton belt. The highest 
average yield in 1890 was in the Louisiana bottoms — a bale to 1.4 
acres; and the highest of recent years was on these same bottoms in 
1880 — a bale to 1.2 acres. The lowest average y«eld in 1890 was on the 
alluvium of the lied liiver — a bale to 2*9 acres — while the same lands 
produced a bale to 1.8 acres in 1880. 

Fifty-one per cent of the population is colored, a decrease here, as in 
every other region except the oak and hickory, since 1880. It stood 
then at 57 per cent. The percentage of colored population stood high- 
est in the State of Mississippi, where it had increased from 79 per 
cent in 1880 to 83 per cent in 1890. It stood lowest in the Brazos and 
Red river bottoms, declining from 31 per cent in 1880 to 29 per cent in 
1890. This Should be noted, for some of these lands have the reputa- 
tion of being the least suitable of all for a white population. Their 
healthfulness has been very greatly improved on the Brazos by sink- 
ing artesian wells. In some places pure water can be obtained at a 
depth of 300 feet and at a cost of $75 to the well. 

In the swamps of Louisiana, Mississippi, and Arkansas the first 
settlements were made by wealthy planters with numerous negro 
slaves, and here the colored populations, remaining where they were 
planted, on the most fertile soils, preponderate to this day. The later 
settlements on the alluvium, about Crowleys Eidge in Arkansas, along 
the Red Eiver in Texas, and in the tide- water alluvium of Louisiana, 
were made chiefly by whites, and there they outnumber the colored race. 
As the whites preponderate in the extreme south of this region as well 
as in the north, and sometimes in the central portions, as in Avoyelles 
Parish, La., the distribution of the races can not be attributed to 
climatic causes. There is no foundation for the prevalent belief that 
heat or moisture or malaria has caused the segregation of the colored 
population. It was effected solely by economic influences, and has 
been maintained by a race x^rejudice which has deterred white immi- 
grants from occupying many of the most fertile sections of the South. 

Mules outnumber the horses on farms in the alluvial region, and 
this is especially true where there are large colored populations as in 
Mississippi and Louisiana; horses, on the other liand, outnumber the 
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mules on the alluvium of the St. Francis bottoms in Arkansas and in 
Texas, where the i)roportion of colored to white is much less. There 
were 16 acres of improved land to the work animal in 1890 against 13 in 
1880. This increase was general in every section. The largest acreage 
was in the State of Mississippi (19 acres against 17 in 1880) and the 
least in the Red River section in Texas (14 acres against 11 in 1880). 
There was an average of 3.6 bales made to tlie work animal in each 
year. 

The average size of farms decreased from 171 acres in 1880 to 117 
acres in 1890. The percentage of farms of 50 a(!res and less was very 
considerably increased. At the same time the percentage of farms (as 
is invariably the case) occupied by owners showed a decrease from 49 
to 46 per cent. The increase in the percentage of rented farms was 
especially noticeable where the colored x>opulation preponderated, 
rising from 48 per cent in 1880 to 72 per cent iii Mississippi, but only 
from 44 to 50 per cent in the Red River section of Texas. There is 
reason to doubt whether the tigures of the Eleventh Census represent 
the changes of this character existing in 1894. A much larger propor- 
tion of the lands must be rented, chiefly for a share of the crop. So 
little land is worked by hired labor that in some sections managers of 
large estates have no rate of wages, tenants to the number of several 
hundred cultivating the land under various modifications of the share 
system. 

Few agricultural regions anywhere present so tine an appearance as 
these alluvial lands. The traveler may pass for miles through broad, 
level, neatly cultivated fields, extending on either hand from 1 to 2 
miles and walled in by a heavy growth of tall and stately forests. The 
cotton planters are gone, but the cotton plantations remain with their 
comfortable quarteis, formerly for laborers, now for tenants, so numer- 
ous as to have the appearance of a widely scattered, but continuous 
village. The farmstead in a group of pecan trees, with the manager's 
neat cottage, the large stables, and the ginhouse fitted with the most 
modern improvements, have a prosperous look. At rare intervals the 
handsome residence of the old owner may be seen, but it weaxs a 
deserted look, and it is very seldom that either he or his family occupy 
it, even for a short time. They have moved to the towns, and he has 
taken up a profession, or become a banker, merchant, cotton factor, or 
engaged in some other occupation which helps him to support his plan- 
tation. There is everywhere a large amount of fresh land cleared. The 
tenants' rents are remitted for such clearings, which cost the owner 
little outlay. The broom sedge of the abandoned old fields, so conspic- 
uous a feature in the landscape of the uplands, is no longer seen here. 
Outside of these clearings, the chief improvements are those which have 
been made in the levee system of the Mississii)i)i River. Previous to 
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the year 1859 their construction was chiefly in the hands of local boards 
of planters, and no decided results were obtained. In 1879 the Missis- 
sippi River Commission was organized, and the Congress of the United 
States appropriated $4,000,000 for the work. Since that date great 
progress has been made in the efforts to control the flood waters of 
the Mississippi, the work being carried on by Congress in conjunction 
with State and local boards. The latter impose local taxes, usually so 
much a bale for each bale of cotton raised in the district, and Congress 
adds a sum equal to the tax raised. Whether this work when com- 
pleted will fulfill all the expectations that are entertained for it remains 
to be seen. These lands have been considered inexhaustible in their 
fertility, but it must be remembered that this fertility has been from 
time to time renewed by the floods that are being walled out. In other 
alluvial regions farmers who have dammed out the'river freshets have 
found, after some seasons of cropping, that their lands were becoming 
less fertile. 

There is no regular system of rotation of crops. Land that has been 
planted in cotton for forty successive years in Bolivar County, Miss., 
produces just as well the last year as it did the first. Nevertheless, a 
desultory rotation is sometimes practiced. Cotton is followed by corn, 
and after corn oats are put in, a crop of peas being taken after the 
oats, with cotton again the next year. In Louisiana, sugar cane and 
potatoes are sometimes added to these other crops, but it is seldom that 
cotton is left out for more than one year. The implements of agricul: 
ture used are like everything else here — of the latest and most improved 
pattern. They are similar to the implements noticed when speaking of 
the Texas prairies. A new sulky cultivator with disks — three on each 
side of the row, which it straddles and works at one operation — is being 
introduced in the place of plows, and much is expected of it. As a rule, 
the early cultivation is deep. The turn plow or scrape is used to throw 
the dirt from the cotton, and after it is hoed and thinned to return the 
dirt to it. There are three to four hand hoeings, and it is plowed as 
frequently, sweeps and various harrows being used later in the season. 
Besides the universal crab grass, coco, or nut grass (Cyperus rotundus)j 
gives great trouble. After being shaved off with the hoe or plow it 
resumes its growth immediately, and adds considerably to the cost of 
culture. Harrowing is thought the most effective means of tearing the 
roots and nuts, and the effort is made to cover it with dirt from the 
plow instead of cutting it off', for, in the first case, it is found that 
leaves rot off before it grows again. The land is generally left clean 
and nearly level when the crop is laid by. The efforts to promote 
fruiting and prevent the plant from running to weed are the same as 
those already noticed — as various and as conflicting. A single subsoil 
colter furrow run in the middle of the row is the only new sugges- 
tion, both sides of the row having been treated in a similar way by 
others. A few admit that there is no remedy when a warm, wet season 
supervenes. 
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The usual wages are 50 cents a day, or 50 cents per hundredweight, 
for picking cotton. Very few laborers are hired by the month or the 
year. As has been said, most of the land is rented for money — $3 to $5 
an acre, formerly for as much as $10 — or is worked on shares of the 
crop. The laborers are furnished with a house, fuel, and garden, and 
when the law requires stock to be fenced in a pasture is inclosed for 
their stock. There is no charge for this, and only such supplies as are 
advanced are charged. In some sections it is customary to i)ay $5 an 
acre for the area of cotton a hand plants and cultivates up to the time 
of laying by. Picking is paid for extra, and so is any other work out- 
side of the acres contracted for. The very low prices of the last season 
have induced employers to discuss the propriety of reducing this wage 
to $3.50 an acre. When it is remembered that field work does not 
commence often until March, that all other work is paid for at the rates 
of day labor, that unlimited hunting and fishing is allowed, in an excel- 
lent game country, and that all the perquisites mentioned are enjoyed 
by the laborer for an entire year, it does not seem that his lot is a hard 
one. They look well dressed and well fed, but very few of them have 
availed themselves of their opportunities to become the owners of land, 
while the white laborers, who work side by side with them on the same 
footing— Germans and Italians — find little difficulty in achieving this, 
even when they have to pay $30 to $40 an acre for land. In 1890 
Washington County, Miss., produced 87,000 bales of cotton, an amount 
larger than that produced by any county in the cotton belt at that date. 
This was at the rate of a bale to 1.4 acres. In the same year Tensas 
Parish, La., made an average of a bale to 1.1 acres, but the aggregate 
crop only amounted to 40,000 bales, a great falling off from the crop of 
1860, which mounted up to 140,000 bales, a yield not yet equaled any- 
where, and shows to a limited extent— for the country was new in 
I860 — the capacity of those lands for producing cotton on a large scale 
under thorough management. 

The average value per acre of land in farms in this region, as esti- 
mated in the last census, was $14.48, a rise from the estimated value in 
1880, which was $9.70. The increase was greatest in the Red Eiver 
country of Texas, where the lands rose from $7 to $17 an acre. 

The cost of production in 1880 per pound of lint was : Mississippi, 
28 estimates, varying from 5 to 9 cents, average 7.4 cents 5 Louisiana, 9 
estimates, varying from 5 J to 9 cents, average 7.4 cents 5 Texas, 5 esti- 
mates, varying from 3 J to 7 cents, average 5.2 cents; Arkansas, 7 esti- 
mates, varying from 4 to 10 cents, average 7 cents. 

The cost of production for 1893 is given as follows : Mississippi, 5 
estimates, varying from 6.3 to 11 J cents, average 8.3 cents; 4 esti- 
mates, excluding rent, vary from 3.9 to 8.2 cents, average 5.5 cents; 
Louisiana, 3 statements, from 4f to 5f cents, average 4.9 cents; Arkan- 
sas, 1 estimate, 4 cents. 
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EED-LOAM LANDS. 



These lands, comprising in all something over 13,000,000 acres and 
producing 2.6 per cent of the cotton crop in 1890 and a larger percentage 
(3.3) in 1880, are found east and west of the Mississippi Eiver. The 
largest section occurs in Arkansas, where they rise in concentric 
terraces from each bank of the Arkansas Eiver to the height of 2,000 
feet above sea level and cover over 10,000,000 acres. The cotton crop 
there was 196,000 bales in 1890, an increase of 22 per cent on the crop 
of 1880. It required, however, an increase of 86 per cent in acreage 
to effect this. One and seven-tenths acres made a bale in 1880, and 
2.6 in 1890. The size of the farms remained the same, averaging 105 
acres in each year. Only 31 per cent of the farms were under 50 acres, 
and the number rented was also a good deal below the average, but 
they increased 7 per cent during the eleventh decade. Only 8 per cent 
of the population was colored in 1880, but increased during the decade 
to 13 per cent. The number of horses on farms exceeded that of mules 
in 20 counties, and the mules outnumbered the horses in 2 other 
counties. 

Ten estimates of the cost in 1880 of producing a pound of lint, varied 
from 3.45 cents to 8.5 cents; average, 6.19 cents. 

The eastern counterpart of the red loam of Arkansas is found in the 
2,500,000 acres in the central basin of Tennessee. The cotton crop 
here fell to 16,504 bales in 1890, from 47,085 bales in 1880, although the 
acreage only decreased 11 per cent. Ninety-nine per cent of this basin 
is in farms, a larger proportion than anywhere else in the cotton belt; 
61 per cent is in improved land — again a larger proi^ortion than else- 
where in the cotton belt — and only 3.7 per cent of the area was planted 
in cotton. Another notable exception to the change occurring else- 
where is that here we find the only instance where the farms increased 
in size. A very slight increase, it is true, onl y 106 acres in 1890 against 
104 in 1880, but in line with the average increase of 3 acres which took 
place during that period in the size of the farms of the United States 
at large. The number of farms under 50 acres decreased 14 per cent, 
which is exceptional also; but the number rented obeyed the general 
tendency, and showed a small increase. It required 2.4 acres to make 
a bale in 1880 and 4.2 acres in 1890. 

The population was 37 ])er cent colored in 1880 and fell to 33 per cent 
in 1890. Horses were more numerous on the farms in 7 counties, and 
mules in 2. 

THE VALLEY REGION. 

The Unaka and Cumberland valleys in southeast Tennessee and 
northwest Georgia, together with the valleys of the Coosa in Alabama 
and of the Tennessee Eiver in that State and in Tennessee, have been 
grouped under what is called the valley region, including nearly 
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15,000,000 acres, much of which is too elevated to be planted in cotton. 
In 1890 the area in cotton exceeded 795,000 acres, an increase of 41 per 
cent on the acreage of 1880, showing that cotton growing has made 
progress in these altitudes, although the product fell 9,000 bales short 
of what it was in 1880. In that year 4.2 per cent of the entire cotton 
crop was grown here ; ten years later, but 3.1 per cent. In the first year a 
bale was made to 2.3 acres, and in the last to 3.4 acres. The larger part 
of the crop is grown in Alabama. This region is too widely scattered 
and the importance of its various divisions of too little consequence to 
the production of cotton to justify a detailed mention of them. It is to 
be noted, however, that some of the very best staples of upland cotton 
is produced here. Forty bales raised in northwestern Georgia were 
quoted in New Orleans and also in Boston, in January, 1895, at 3J and 
3| cents above ordinary uplands of the same grade. 

THE ALPINE REGIONS. 

These lands are found in North Carolina, South Carolina, Georgia, 
Tennessee, Arkansas, and Texas, and produce about 0.9 per cent of 
the entire cotton crop. The conditions of culture are so various as to 
preclude general description, and they are not of sufficient importance 
to require a detailed description. Mention of other cotton-growing 
localities must also be omitted for similar reasons, and have not been 
included in any of tbe general statements that have been given. 
Among these is Florida, where the largest cotton crop ever made was 
only 05,000 bales, a crop smaller than that of several counties of the 
cotton belt; Missouri, tbat one year grew as much as 20,000 bales; 
Virginia, that never reached that figure; Illinois, that made 1,482 bales 
in 1860; Kansas, that made 212 bales in 1890; Kentucky, that made its 
largest crop of 1,367 bales in 1880; Indiana, that made 14 bales in 1850; 
New Mexico, that made 19 bales in 1860; Utah, that produced 136 
bales in the same year; and California, that made 34 bales in 1870. 
Of very much greater consequence are the cotton crops of Indian Ter- 
ritory and Oklahoma, but data are wanting in regard to them. Esti- 
mates of them were included in the returns made for Texas in 1880 and 
1890, and it is very probable that they were underestimates. The crop 
in 1894 was estimated at over 112,000 bales. Tbe number and wide 
dispersion of these localities show the enormous extension that might 
be given to cotton growing in the United States if there were a profit- 
able margin between the price and the cost of i)roduction. 

GENERAL, OBSERVATIONS ON COTTON CULTURE. 

The matter of the first consideration in the culture of cotton, as in 
that of any other crop, is to prevent the removal of the soil by washing. 
Everywhere in the hill country neglect in this regard has resulted in 
the denudation of the soil from extensive areas of cultivated fields, 
rendering them barren, and devastating other fields lying at a lower 
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level. Nor does the injury stop here. The public roads become conve- 
nieut channels along which, to their destruction, these muddy floods at 
last pour into the streams, damming them up, causing freshets, and con- 
verting fertile bottoms into miasmatic marshes. The evil is generally 
recognized, and to some, but to a wholly inadequate extent, remedies 
are applied by terraces and hillside plowing. Where this is thoroughly 
done, and persisted in, it has proved eminently successful. A very 
common error has, however, attended the practice. It is that some 
fall should be given the line of the terrace, to allow the water to 
escape. The result is, that while one gully may be cured by such a 
terrace, a larger amount of water is concentrated at its lower terminus, 
and another and larger gully created there. The terrace should be on 
an exact level, and must from time to time be amended, on account of 
changes occurring in the spaces bet wen the terraces. A spirit level 
may be used to establish the line of terrace, but a simpler, cheaper, and 
more accurate implement is a compass, made of light stuff, and 
strengthened with a crossbar. The legs should be 15 feet apart at the 
ground, coming together 7 feet above it. At the apex a cord is sus- 
pended, with a weight attached to act as a plumb bob. When the feet 
are on a level, the place where the plumb cord crosses the bar is 
marked. In stepping off the terrace the level will be exact when the 
plumb line corresponds with the mark on the crossbar. It would seem 
proper that legislation should compel owners on the higher levels to 
restrain the rains, which, falling on their fields, issue in destructive 
floods on their neighbors' at a lower level.^ 

DRAINAGE. 

The usual substitute for drainage in the cotton field is putting the 
plants on a high bed and cultivating them deep. It is an expensive 
substitute, and the rice and sugar planters along the border of the 
cotton illustrate with ample object lessons the benefits and methods 
of drainage. The trouble is that the original outlay for drainage is con- 
siderable, while the makeshifts, though in the end more costly, are within 
the reach of the small cultivator. It would seem desirable for the legis- 
lature to establish some equitable method of adjusting a right of way 
for outlet ditehes. 

INCLOSURKS. 

Many strong arguments^ have been brought against fencing in 
cultivated fields and allowing stock freedom of range, and many laws 
modifying the old practice have been passed in recent years. Per- 
haps nowhere has so radical a change been effected in this regard as 
in South Carolina, where it is required that stock be kept in fenced 
inclosures and heavy penalties imposed when they trespass. This law 
has promoted the cultivation of large areas of land. Since its passage 

^ U. S. Dept. of Agr., Farmers' Bui. No. 20. 
2 U. S. Dept. of Agr. Rpt. 1871. 
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2,500,000 acres, or 74 -per cent more land, have been brought under 
cultivation, adding largely to the cotton crop, while the grain crops 
have increased only half as much. In the face of the increased area 
under culture, the increased crop, the larger population, and the 
greater wealth, there has been an absolute decrease of 23 per cent 
of horned cattle, 20 i)er cent of hogs, and 33 i)er cent of sheep. It 
has assisted in the develoi)ment of a one-sided husbandry, and to 
the diminution of agricultural values — the value of land among the 
others. 

8UBSOILING. 

Subsoiling and deep breaking are open to question. There is no 
question that a deei), mellow soil is to be jueferred, but the efforts to 
obtain it are limited by the cost, by the risk of injury to some soils 
thnmgh leaching, and to others by bringing sterile earth to the sur- 
face. Sandy soils may suffer in the first way, and heavy clays in the 
second. Experiments to determine the value of these operations are 
coutlictiug and inconclusive. 

ROTATION. 

Rotation of crops opens a wide field of inquiry. The usual practices 
have been noticed, and the value of broad leaved and narrow-leaved 
plants or root crops and crops maturing above ground in rotations 
might be mentioned, but there is an absence of exact knowledge here, 
which is a cause of much distrust. The rotation of growths observed 
everywhere in nature shows its necessity, but this rotation differs with 
every slight variation of soil, and nothing is accurately known about 
it. Such knowledge would have to go far beyond the theory of the 
exhaustion of certain fertilizing constituents of the soil. It would 
have to deal with hosts of living animal and vegetable friends and 
foes who fight for or against each growing crop and render changes 
necessary. 

The farmer's mind grows confused over the complicated conditions of 
this great struggle, and after vainly attempting to understand and con- 
form to them, he withdraws, turns his fields over to nature, and lets 
them '^rest." And nature, resuming her work of growing heavier and 
heavier crops every year, restores the fertility which man has destroyed 
by his exhaustive culture. Even Peter Henderson, the great gardener, 
said rest was necessary to his gardens once in five years. 

Exhaustion of the soil differs in intensity, but for the most part it is 
only temporary. Fields considered utterly used up and thrown out for 
years when cultivated again have produced better than those which 
have been under a management more or less careful. Nevertheless this 
temporary exhaustion must inevitably occur in every soil not treated 
to restoratives, notwithstanding that full crops of cotton have been 
grown on some soils for more than forty successive years. 
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PLANTING AND CULTIVATION. 

Bedding up land previous to planting is universally practiced. 
Where manures are drilled in, this is indispensable. It forms a warm 
seed bed in the cool weather of early spring and possesses other advan- 
tages. The plants are usually left 2 to 3 inches above the middle of 
the row, which in 4-foot rows gives a slope of an inch to the foot. 
This causes the plow in cultivating to lean from the plants, to go 
deepest in the middle of the row, and, as a consequence, to cut fewer 
roots. 

Four feet is the usually accepted distance between the rows. The dis- 
tance between the plants seems of little importance within the limits of 
8 to 14 inches. Still, as nothing but cotton stalks will make cotton, it 
is unsafe on average land to risk wider spans than 1 foot. ^NTo thing 
conclusive has been settled about checked cotton. It may save a hoe- 
ing, which should cost about 30 cents an acre, and as plowing is done 
at about the same cost the question of saving is not determined. The 
skillful use of the hoe does the most accurate and thorough work. 
Good crops are made with the hoe without using the plow at all. It 
may be said that cotton growing was originally established entirely by 
hoe culture, even the soil for planting being prepared with the hoe. 

The i)erfect cotton planter is not yet invented. It should drop five 
or six seed in a single line at regular intervals, say a foot ai^art. In 
very dry seasons a narrow and deep coulter furrow, the dirt closing in 
behind it, is run immediately in advance of the planter. It freshens 
up the bed and assists very much the germination of the seed. 

Much is said about deep and shallow culture, and many believe that 
they can affect the plant beneficially by practicing the one or the other. 
The only certainty is that all grass and weeds must be vigorously kept 
down, and that the capillary i)ores, through which the moisture escapes 
after rains, must be broken. The first is most thoroughly effected by 
a broad, sharp sweep, which takes everything it meets, while going 
shallower than most other i)lows. Harrows and cultivators are apt to 
be turned aside by stubborn bunches of grass, which thus escape them. 
But the sweep does not distribute the loose dirt as generally as a light 
harrow does and therefore is not as effective in the mulching i)rocess. 
The effect of cutting roots depends entirely upon the season that fol- 
lows the operation. The following experiments will show how difficult 
it is to arrive at results in this matter. In the month of June, the cot- 
ton i)lants being 18 inches high, dirt was drawn up G inches around 
some; it was drawn away to the depth of 6 inches from others; the 
roots of others were cut all round close to the stalk to the depth of 
inches, and the next stalks had all the roots cut off' below C inches. 
These last wilted in a few moments from this heroic treatment, but 
eeemed to recover in a few days. A rainy season ensued, a vigorous 
growth set in, and when the crop matured no difference could be 
observed in the fruitfulness of the different series of plants. 
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Tbe date of cotton planting reaches from March 1 to June 10. Cotton 
is seldom planted at the latter date, except when put in after a crop of 
oats. A good crop is made when the season is especially favorable, but 
the occurrence of drought makes it exceedingly uncertain. The i)lant8 
also are more liable to the attacks of caterpillars, which only make 
their appearance in force late in the season. They prefer to feed on 
the younger and fresher stalks, and it was thought in some sections 
that the frequent recurrenc^e of the cotton worm was in some degree 
promoted by the late planting of cotton after oats, which was nmch in 
vogue at one time. At least they were not so bad after it was aban- 
doned or before it was commenced. The last regular planting is May 
20 under the mountains in (Georgia. The following are the dates in the 
various sections: 

Planting commences March 1 in southern Texas; March 15, middle 
Louisiana, Texas coast; March 20, southern Mississippi; March 25, 
South Carolina coast, pine hills of South Carolina and Georgia, mid- 
dle ]\Iississipi)i; April 1, Mississippi bottoms, middle Texas, southern 
Arkansas; April 5, northwest Georgia; April 7, middle Arkansas; 
April 10, west Tennessee, Piedmont, Xorth Carolina, South Carolina, 
Georgia, upper Alabama, north Arkansas, upper Texas; April 20, 
northern Louisiana; ^lay 20, northeast Georgia. 

The first blooms appear May 15 in southern Texas; May 20, central 
Louisiana; May 25, central Texas, southwest Georgia; June 1, Missis- 
sippi bottoms, southern Arkansas, middle Georgia; June 10, pine hills 
South Carolina, middle Alabama, central Georgia, Tennessee; June 20, 
northwest Louisiana, middle Arkansas, northwest Georgia, southern 
North Carolina; July 4, northern Arkansas, northern Texas; July 10, 
northeast North Carolina; July 25, northwest Tennessee. 

The first bolls open June 15 in southern Texas; June 25, middle 
Texas; July 1, south Louisiana; July 10, middle Louisiana; July lo, 
southern CJeorgia, pine hills South Carolina; August 1, northwest 
Louisiana, south Arkansas, coast North Carolina; September 1, Pied- 
mont, North Carolina, red-loam prairies Texas; September 15, north 
Arkansas. 

Picking commences July 10 in southern Texas; August 1, southern 
Louisiana, central Texas; August 15, pine hills South Carolina, coast 
of Georgia and South Carolina, Mississippi uplands; August 25, north- 
west Louisiana, Mississipi)i bottoms; September 1, north Texas, coast 
of North Carolina, northwest Georgia; October 1, northwest Texas, 
north Arkansas. 

PERIOD OF GROWTH. 

The following data relating to the above and other important points 
in the life of the cotton i)lant are from records carefully kept in South 
Carolina, near Augusta, Ga. 

Of 100 seed planted, 10 in a hill, March 29, 1887, 24 came up of which 
2 died, 39 could not be found and were probably eaten by insects, 23 
rotted, and 14 seemed sound but failed to germinate. 
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The first plant appeared in 14 days after planting; the 10 hills were 
up to a complete stand in 18 days, and no seed came up after 30 days. 
This season was cool and wet, but in very dry seasons seed may lie m 
the ground from April 1 to June 10, and then come up to a good stand. 
The third leaf made its appearance in 8 days after the plant came up 
and in 22 days after the seed was planted; the fourth leaf appeared 
the day following. The significance of this observation is that after 
the true leaves appear, the plant, being no longer dependent on the seed 
leaves for its supply of nourishment, is not so liable to injury from cold. 

Other series of seed were yut in the ground at later dates and the 
following observations recorded from day to day: The first form 
(bud) was seen on a plant coming up in April, 41 days after the plant 
appeared, and 53 days after it was planted. For all the other plants 
coming up in April, the average was 40 days to the form, ranging from 
34 to 45 days, appearing earlier in the warmer weather and later in the 
cooler weather. For plants coming up in May, the average was 29 days 
from the appearance of the plant to the first form, ranging from 25 to 39 
days, to which 8 days may be added, to show time from planting to 
forming. Forms appearing in May bloomed in 21 to 32 days, average 
25 diays; forms appearing in June bloomed in 20 to 27 days, average 24 
days; forms appearing in July bloomed in 20 to 26 days, average 24 
days; forms appearing in August bloomed in 21 to 27 days, average 
25 days. Blooms appearing in June made open bolls in 45 to 50 days, 
average 52 days ; blooms appearing in July made open bolls in 64 to 71 
days, average 6r) days; blooms appearing in August made open bolls in 
46 to 58 days, average 52 days. Forms on May 24 made open bolls 
August 9; forms on June 24 made open bolls September 21; forms on 
July 24 made open bolls October 8; forms on August 24 made open 
bolls Xovember 9. As killing frosts occur about November 17, it would 
seem that the latest blooms that can be counted on would be about 
September 1. From this it follows that the minimum period from plant- 
ing to the first open boll is 120 days, and that the maximum i)eriod 
is 157 days. The interval of 37 days between these periods is more 
than sufficient to fix a full crop of fruit if the condition of the weather 
is favorable to the plant at the fruiting stage. 

SHEDDING OF FORMS, BLOOMS, AND BOLLS. 

When the weather is not favorable at the fruiting stage, the other- 
wise hardy cotton plant displays its greatest weakness. It sheds its 
forms, its blooms, and often its half-grown bolls. The following table, 
condensed from the daily record above referred to, represents to some 
extent the loss occasioned in this manner. The plants having received 
very careful attention, the loss exhibited is a good deal below the aver- 
age sustained in ordinary field culture. 
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Proportion of forms which produce bolls. 



Date of coming up. 



April 
May. 
June 
July 



Num- 
ber of 
plants. 




Forms. 
Died. 

1,231 

1,810 

106 

24 




Blooms 

and bolls 

dropping.! 


Appeared. 

1,700 
2,580 
154 
60 


lUocuied. 


7 

10 
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48 

36 
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12 

19; 



Bolls 
matur- 
ing. 
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matur- 
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468 


1» 


o6 


23 


7 


11 



The 1,580 bolls picked before September 10 weighed 20.5 pounds, or 
about 77 bolls to the pouud; 432 bolls, picked September 19, weighed 
5.75 i)0uiid8, or 75 bolls to the pound; 293 bolls, picked October 5, 
weighed 3 pounds, or 97 bolls to the pound ; 493 bolls, picked October 
24, weighed 3.5 pounds, or 140 bolls to the pound. The average for the 
whole season was 85 bolls to the pound. 

These plants were fertilized at the rate of 936 pounds to the acre, one- 
fourth acid i)hosphate and three-fourths cotton-seed meal. They were 
planted in 4-foot rows, 18 inches between the hills, which would give 
9,360 i^lants to the acre. If an acre had fruited as these 20 plants did^ 
and every form had stuck and matured into an average boll, the yield 
would have been 25,952 pounds of seed cotton to the acre, a yield 
undreamed of. As it turned out, they actually produced at the rate of 
4,400 pounds to the acre, a yield that has seldom, if ever, been attained. 
Such calculations show how misleading it is to apply estimates on 
small patches to field crops, but it also shows that much more might be 
obtained by greater care and precision. 

A more thorough study of the cotton plant might discover means to 
obviate this great waste. At present cotton growers are at a loss to 
form a correct idea of the cause or to apply any effectual remedy. A 
week or two before cotton opens, sometimes a month, the crop being 
clean, field work stops. Formerly much important work of repairs and 
improvement was done during this interval. Now the hands that were 
engaged in cultivating the crop are discharged and no work except 
what is absolutely indispensable is done. 



PICKING. 



Cotton jncking is the most tedious and expensive operation in cotton 
growing. The picking of the crop of 1894 is estimated to have cost not 
less than $60,000,000. The most of the picking was paid for at 50 cents 
per hundredweight, and planters in Texas who grew as much as 2,500 
bales said it had cost them $9 a bale to gather their crops. It is very 
light work, at the most pleasant season of the year, and it is effectively 
performed by women and even by small children, as well as by men. 
In the early days of this culture the amounts of cotton picked were 
small. It is related in the Southern Cultivator that the report that a 
young man had picked 100 pounds in a day created great excitement 
among the farmers in Georgia, who came from far and near to see it 
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done and gave a barbecue iu bouor of the acbievement. For a long 
time this has been a low average for ordinary pickers. 

As early as 1839 there is a record of 86 hands — men, women, and chil- 
dren, old and young — averaging over 133 i)ounds of seed cotton apiece 
a day. In October, 1894, 10 convicts of the Mississippi penitentiary 
picked in 5J days 18,340 pounds of cotton, a daily average of 333 pounds 
per man. The picking season will average in duration at least 100 days, 
and picking at the above rate would turn out 22 bales to the hand. It 
has never been assumed that one man could cultivate more land than 
would make 10 bales, so that one man is able at average full work to 
gather as much as two can make. This, however, is very far from being 
the case, and in the Mississippi bottoms the same year it was not unusual 
to hear of tenants and space workers who did not gather during the 
whole season as much as a bale to each picker in their families. Strikes 
among cotton pickers are not made by combination, but they are exe- 
cuted as effectually and destructively by individuals. It is very diffi- 
cult to get them to work until the cotton is fully open, and it is hard 
to stimulate them to pick over 100 pounds a day. The damage re- 
sulting from slack work here is often very serious, due in part to the 
loss of some cotton by falling out, and to an equal extent to the injury 
to the quality of that which is gathered, the staple being soiled by dust 
and stained by the coloring matter from the bolls. It has been thought 
that the production of cotton would be limited by the amount that could 
be gathered. This limit is still remote. Excluding the population of 
towns and villages, who do a considerable share in cotton picking, and 
deducting one-third for children under 11 years of age, there remains 
an exclusively rural population in the cotton States of over 6,800,000, 
all more or less occupied in cotton growing and capable, at the low aver- 
age of 100 pounds a day, of picking daily more than 450,000 bales, or 
the very large crop of 1894 in 20 or 21 days; and if they did the same 
task during the whole season they could gather four or five times as 
much as the largest crop yet made. 

Much skill and capital have been expended in eftbrts to make a 
machine that would pick cotton. It can not be said that any has 
proved successful in solving a problem that seems about equal to that 
of gathering strawberries or raspberries by machinery. This could be 
done if it were not for the injury to the berries; and if they were to 
be made into jam, perhaps assorting and washing machines might be 
invented to utilize a portion of the harvest. Cotton-picking machines 
gather limbs, leaves, and bolls, and pass the whole through a cleaning 
sei)arator that, it is claimed, leaves the cotton in the condition of aver- 
age cotton picked by hand. A cotton-picking machine with a driver 
and two horses, taking a row at a time, would go over about 6 acres 
a day. The cost of the work of an expensive and complicated machine, 
as this must necessarily be, would hardly be less than $5 a day, and if 
the cotton were gathered at the right stage there should not be more 
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than 200 pounds to the acre open. Cotton left in the field for a fuller 
opening^ than that is liable to serious damage, and in case of storms 
to almost total loss. The machine would thus gather at the most 1,200 
pounds a day at a cost of 41.0 cents per hundredweight, the present 
cost being from 40 to 50 cents, and so highly paid at that that there is 
little doubt it will be reduced to 30 cents or less (as it has been already 
in some localities), and even then expert pickers will earn from $1 to 
$1.50 a day and more. 

In improving short-staple cotton there is a growing tendency to 
develop varieties which take on and open all their fruit at nearly the 
same time. If such a variety were perfected, it would simplify the gath- 
ering by machinery, especially as such varieties at present shed their 
leaves about the time the cotton begins to open, thus removing the 
character of trash which it is more difficult to separate than either 
the stems or the bolls. 

COST OF COTTON PRODUCTION. 

The cotton crop that it is possible to grow and gather has been 
shown to have no practical limits, either in the area of land on which it 
can be cultivated or in the labor available to gather it. It may be 
added that one-fifth of the horses and mules at present on farms in the 
cotton States would suffice to cultivate the largest crop that has ever 
been i)ut in. More land can always be prepared and planted by a given 
amount of horsepower than can be cultivated by it. The practical 
limit is the amount of land a work animal can cultivate between May 5 
and August 1. From the 87 days of this period something over 12 
must be deducted for Sundays, and as there is an average of 28 days' 
rain at this season in the cotton belt on which no plowing can be done, 
deduction must be made for these also, leaving 46 working days. Four 
I>lowings, sometimes more, must be given in good cultivation, which 
would leave 1 1 ^ days for each plowing. A day's work being 3 acres, the 
horse would work 34J acres. By following out this calculation a good 
idea of the cost of production under present conditions of cotton culture 
may be obtained. To prepare the land it should be broken up at the 
rate of an acre a day, but as this is rarely done more than once in three 
years, one-third only is to be charged, say, 11 days' work on this account; 
the laying off, bedding, dragging off, and planting will require a little 
over nine-tenths of a day's work per acre, or 33^ days' work in all to 
prepare and plant, making a total before cultivation commences of 44^ 
days' work. To this, if Sundays are added and rainy days as before, it 
will sum up to 67 days, and adding the 87 days for cultivation, the total 
is 154 days' work of a horse to cultivate a full crop of cotton. But 
it remains to haul the crop to the gin. Estimating the crop at the 
average crop of the cotton belt for the last eleven years, viz, 531 
pounds of seed cotton to the acre, the mule would have to move 18,319 
pounds from the 34^ acres; at four loads of 800 pounds a day there 
would be 6 days' work; in all, 160 days in a year. 

The cost of a horse, counting insurance, feeding, stabling, and 
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interest, together with the wear and tear of such gear and implements 
as are used in the cultivation of cotton, is fully covered by $122.85 per 
annum. For the portion of the year the animal is engaged in the 
cotton crop this would be $53.92. The wage of the plow hand for the 
crop may be put at $64. Four hoeings would cost for the 34J acres 
$55.20, making the total cost to date of picking and cultivating 34J 
acres in cotton $173.12. Picking the amount stated above, as an aver- 
age crop, would cost $73.27. In all, the cost for delivering at the gin- 
house 18,319 pounds of seed cotton would be $246.39, or 1.344 cents 
per pound. 

If fertilizers are used at the rate they were used in 1890 in Georgia 
and South Carolina, $1.78 an acre must be added on that account, 
bringing it up to $307.80, or 1.68 cents per pound of seed cotton. 

It remains to mention rent, taxes, and management. As the latter 
consists almost wholly in seeing that advances are charged against the 
laborers and in collecting such due as it is not difl&cult to get, 5 per 
cent commissions on the profits would be a fair allowance. Taxes are 
so inconsiderable that they do not merit notice. With rent it is dif- 
ferent; economic rent does not exist in this country; the most usual 
rent has been a portion of the crop, and one-fifth to one-fourth of the 
cotton produced has been paid. Nevertheless rents have differed a 
good deal; in the east $2 to $3 has been a fair average; in the west, in 
the Mississippi bottoms and the black prairies it has run from $4 to 
$10 an acre. The low i)rices of cotton have changed this, and in some 
sections, even of the black prairies of Texas, tenants have been notified 
by merchants that they could not advance to them in 1895 if they paid 
a money rent exceeding $3 an acre. It is safe to say that this year an 
average rent is $1.50 an acre in the east and $3 in the west. The first 
amount is to be added to the cost of i)roduction where fertilizers are 
used, and the latter where they are not used. This addition makes the 
cost of a 1-horse crop exclusively in cotton in the east sum up to $359.55, 
or to 1.96 cents i)er pound of seed cotton ; in the west the result will be 
$349.89 for a similar crop, or 1.88 cents per pound of seed cotton. This 
would be very nearly a cost of 5.88 cents per pound of lint in the east 
and 5.68 cents in the west for cotton delivered at the ginhouse, the cost 
of ginning and packing remaining to be counted, the value of the seed 
more than sufficing for this in both instances. The seed commands a 
higher price in the east, and would tend by its sale to render the cost 
more equal. Though worked out by a different method, these results 
will be found to differ little from an average of the various estimates 
already given.^ The percentage of the cost of labor on the total cost 
of production is 53 per cent in the east and 55 per cent in the west. 
This is a much higher ratio of the cost of labor than will be found in 

^ It should 1)0 clearly understood that none of these estimates do more than indi- 
cate the probable cost of cotton production, assuming certain prices and conditions 
which may or may not obtain in any given case. They may approximate the average 
cost of production under present systems of cotton culture in the South, but they by 
no means show the minimum of cost nu<ler ihiMuost improved methods. — Ed. 
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most otber industries. In averaging the percentage of the cost of 
labor to total cost in 10 cotton mills taken at random from among the 
Northern mills, and the same number from the Southern, the first is 33 
per cent and the second 22 per cent. Labor is thus seen to be the pre- 
dominant element in cotton growing. 

Modern improvements in machinery, which have so wonderfully 
affected most industries, have only indirectly benefited agriculture, 
and cotton culture as little as any branch of this pursuit. Great im- 
provements have been made in agricultural machinery, but the share 
worker and small tenant, even the one-horse farmers, whose numbers 
are rapidly multiplying in the cotton-growing region, are not able to 
avail themselves of such helps. The imi)roved implements are as a 
rule the property of another class, and the profit from their use goes 
almost exclusively to their owners. 

It costs as much in humaij labor to prepare, plow, I oe, and pick an 
acre of cotton now as it did half a century ago, and if the product is 
increased by th6 successful use of commercial fertilizers, such use 
necessitates an increase of labor in the preparation for and the culture 
and gathering of the product. On the other hand, the agricultural 
laborer finds in strikes no resource to benefit him. The seasons inex- 
orably fix the day and hour when his services are needed ; if he allows it 
to escape him, it is gone once for all, and with it disappears the i)roduct 
out of which alone wages are paid. The employer also can not resort 
to lockouts. The manufacturer may suspend operations and lose little 
besides the interest on his plant. Such a suspension even for a brief 
period of farm work would mean the loss of the entire season's work. 

The small farmers, working on a narrow margin, are always in 
imminent need of cash, and cotton is the only crop that never fails 
of a ready cash sale. Every pound of it can be readily disposed 
of by the producer for cash, and at the prices quoted in the mar- 
kets of the world. All other crops, unless grown upon a scale suit- 
able for shipment in bulk — a scale seldom within the reach of the 
small farmer — are subject to the vicissitudes of the local market, easily 
overstocked, and often inflicting heavy loss on the producer of perish- 
able commodities. 

The general testimony is that, while farmers growing cotton exclu- 
sively are in very bad condition financially, those who raise food and for- 
age crops, and especially those who in addition raise their work animals, 
are everywhere prosperous. The chief reason of this is, as has been 
shown, that the exclusive cotton grower fails to employ the most 
important forces in farm work, the work animals and the land, to the 
fullest extent. Tie draws ui)on the surplus of a single crop made in 
part of the year for the means to support his farm during the whole year. 
There is a saving in using unemployed time and capital to i)roduce 
necessaries which otherwise must be paid for in money. The tendency 
to pay greater attention to food and forage crops has been much 
accelerated by the low price of cotton since 1890. 



CULTUHE OF COTTON. 



Tbe usual metliod pursued in collecting and arranging the data of 
tsottou production lias been to do tbis by States. Tbe attempt lias been 
made in this article to laarslial these data in wbat seemed to be tbe 
important natural subdivisions or regions of tbe cotton belt without 
coniining tbem within State lines. These natural subdivisions are sub- 
stantially those adopted by Professor Hilgard in his work on cotton 
culture for tbe Tenth United States Census. It was thought that these 
regions of the cotton belt possessed well-marked characteristics of soil, 
growth, products, climate, and methods of culture, together with racial, 
social, and industrial peculiarities, all of which were influenced only 
in a very small degree by the jiolitical boundaries of the States. There- 
fore it would seem that the uni'erstanding of these real and natural 
regioiiB is more important to a knowledge of tbe conditions of cotton 
culture and production than the artificial political framework of the 
States. But as the production of cotton by States may be of inteiiast, 
tbe following data are given: 

Ffrcenlage of coUon crop grown in each Stale. 
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;ioo.oiooomo 
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"" 


100.0 
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,00.0 


"■' 


,™.o 
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The above table presents a general view of the order of development 
of cotton growing in the diftbrent States. It shows the extraordinary 
expansion of the industry in tbe extreme West, but tbe success with 
which the Eastern States luive kept up their ratio of percentage to the 
whole crop for half a century demonstrates the deep root this culture 
has taken in those States. 

Ateratje annual yield per acre of cotton in different Stales. 
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This table is an approximate estimate of the product, in pounds, of 
lint cotton per acre of each State.^ For the first eight years recorded 
the average yield was 108 pounds lint per acre; for the ninth year it 
was 177 pounds, and for the eight succeeding years 204 j^ounds of lint 
per acre. The improvement seems to have been very uniform in all the 
States. The maximum yields have been made in the last five years 
and the minimum yields in the years previous. It goes to show that 
there is a steady and progressive improvement in the culture of cot- 
ton which must distance foreign competition. It will be noticed that 
the difference between the maximum and minimum yields is greatest 
in the States making the greatest yields, which are also those States 
that have entered most recently on cotton growing. The fluctuations 
are largely due to the variations in the seasons. Thus, in North Caro- 
lina the minimum and maximum yields stand side by side in the years 
1889 and 1890. It seems, however, by no means i)robable that the 
steady increase in the yield per acre is in any considerable degree due 
to more favorable seasons. 

The following table gives the United States Department of Agricul- 
ture estimates of the total production of cotton in the different cotton- 
producing States during the years 1894 and 1895 : 

Cotton crops of 1894 and 1805^ hy States and Territories, 



States and Territories. 



Alabama 

Arkansas 

li'lorida 

Georgia 

Indian Territory. 

Kansas 

Kentuclty 

Louisiana 

Hississippi 

Missouri 

North Carolina . . 

Oklahoma 

South Carolina. . . 

Tennessee 

Texas 

Utah 

Virginia 



Total 



Acres. 


Bales. 


Bales p 
1894. 


er acre. 


1894. 


1895. 


1894. 


1895. 


1895. 


2, 664, 861 


2,371,726 


854, 122 


663, 916 


0.32 


0.28 


1, 483, 319 


1, 186, 655 


709, 722 


520, 860 


.48 


.44 


201, 621 


191, 540 


48,005 


38, 722 


.24 


.20 


8, 610, 968 


3, 069, 323 


1, 183, 924 


1, 067, 377 


.33 


.35 


233, 898 


212, 847 


104, 887 


68, 668 


.45 


.32 


168 


40 


67 


15 


.40 


.38 


8,243 




2,685 




.33 




1,313,296 


1, 142, 668 


721, 591 


513, 843 


.55 


.45 


2, 826, 272 


2,487,119 


1, 167, 881 


1, 013, 358 


.41 


.41 


63,696 


47, 772 


24,114 


11,816 


.38 


.25 


1, 296, 522 


1, 050, 183 


454, 920 


397, 752 


.35 


.38 


28, 992 


26, 093 


13,001 


14, 103 


.45 


.54 


2, 160, 391 


1, 814, 728 


818, 330 


764, 700 


.38 


.42 


879, 954 


712, 763 


286,630 


172, 560 


.33 


.24 


6, 854, 621 


5, 826, 428 


3, 073, 821 


1, 905, 337 


.45 


.33 




400 
44, 623 




103 
7,964 


"".'2i' 


.26 


61, 128 


12,735 


.18 


23,687,950 


20, 184, 808 


9, 476, 435 


7, 161, 094 


.40 


.35 



Note. — The figures given in this table were secured by a method adopted by this Department 
in September, 1894, with the view to giving the planter reliable information as to tne crop or the year 
beiore the beginning of the following season. The cooperation of all railway and water transporta- 
tion companies and cotton mills operating in the cotton States, as well as all custom-houses and 
several thousand cotton buyers, merchants, and ginners in those States, was secured in reporting 
data relating to the movement and consumption ofcotton and interior stocks on hand. The estimates 
from data thus secured are made as follows : The movement from all interior points in each State across 
itsbonndaries is carefully investigated, and the movement to the ports of a State is included with the 
movement from the State, because practically all receipts at ports in the cotton section are ultimately 
shipped coastwise to Eastern points or exported. From the reserve stocks of the State the cotton at 
its ports is therefore excluded, being already accounted for in the railway and water movement. 
Further deduction is necessarily made of cotton shipped from one cotton iState to interior points 
in another. In the season 1894-95 the movement was follcwed from September 1, 1894, to April 1, 1895 ; 
in 1895-96 it was followed during the entire season, from September 1, 1895, to August 31, 1^6. 

'The data are obtaiaed from the United States Census returns for the years 1879 
and 1889, from the reports of the United States Department of Agriculture, from 
Latham, Alexander & Co.'s Cotton Movement, and from Shepperson'o Cotton Facts, 
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EXPERIMENTS IN COTTON CULTURE B7 THE EXPERIMENT 

STATIONS. 

The agricultural experiment stations in the cotton belt have con- 
ducted relatively few field experiments on cotton culture, their work 
in this line having been largely confined to the best distance between 
the plants and the effects of topping. While the results of these experi- 
ments have not been conclusive, some of them afford suggestions of 
value to the i)lanter and the experimenter. The following brief sum- 
mary, prepared by Mr. J. F. Duggar, of this office, presents an outline 
of the work of the stations in this line, with references to the published 
reports : 

In a single test at the Alabama Canebrake Station, planting on high 
beds resulted in a larger yield than was obtained with flat beds on a 
black slough bottom, a kind of soil which is very retentive of water. 
There was only a very slight difference in yield between ridges made 
on an unbroken center and those formed by bedding on a center furrow. 
The usual recommendation of the stations is to plant oh low or flat- 
tened ridges.^ 

At Camden, Ark., on a field previously planted in corn, a larger 
yield was obtained by breaking the land and then forming the beds 
than by making the ridges without previous plowing, the difference 
being 292 pounds of seed cotton per acre. On ridges made in February 
the yield was slightly greater than on those made just before planting 
in May.^ 

Subsoiling proved profitable in one test made at Athens, Ga.; and in 
the same locality results favored planting later than April 10.^ 

At the Alabama Canebrake Station cotton growing on tile-drained 
land was in most seasons more productive than on undrained land.* 

The depth and extent of the root growth of a plant furnish sugges- 
tions as to methods of preparing and tilling the soil. At the South 
Carolina Station the taproot of the cotton plant extended to a depth of 
more than 3 feet when the plant was grown on a light sandy soil, with 
subsoil of the same character. On a loam with a more compaq,t sub- 
soil the taproot terminated abruptly as soon as the hardpan was encoun- 
tered at a depth of 9 inches below the surface. At the Alabama College 
Station the taproot penetrated vertically to a depth of 12 inches, or 3 
inches into the subsoil, its course then becoming horizontal. 

In South Carolina it was observed that most of the lateral roots 
commenced about 3 inches below the surface, and never went below the 
upper 9 inches of soil. ^ 

^ Alabama Canebrake Sta. Bui. 4. 
^Arkansas Sta. Bui. 28. 

3 Proc. Georgia State Agl. Soc, Feb. 1874. p. 67. 

< Alabama College Sta. Bui. 4 (1887), Bui. 3 (1888); Alabama Canebrake Sta. Buls. 
11 and 14. 
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In a garden soil of sandy drift and pebbles the Alabama Station 
found a young cotton plant 3^ inches high having one of its lateral 
roots 3 feet 4 inches long, the end of the root being only 3 inches below 
the surface. Almost identical measurements were made of the roots 
of a young cotton plant at the Arkansas Station. In Alabama, from a 
eotton plant 2 feet high and just beginning to bloom, one lateral root 
extended more than 5 feet. Some of the lateral roots began only 1 J or 2 
inches below the surface. The position of the roots was such that the 
experimenter estimated that the usual deep cultivation would have 
destroyed four-fifths of the lateral roots which extended at right angles 
to the row. 

In this we have a strong hint as to the superiority of shallow over 
deep cultivation, a superiority which was proved by experiments ex- 
tending over several years at the Alabama College, Alabama Cane- 
brake, Georgia, and Mississippi stations. We find only two instances 
in which shallow culture failed to afford a larger yield than deep 
culture.' 

At the Georgia Station an experiment to determine the best distance 
between cotton plants was conducted in five different years. The 
rows were uniformly 4 feet wide, and the attempt was made to leave 
single plants either 1, 2, 3, or 4 feet apart in the drill. It generally 
happened, however, that the stand was much more imperfect on the 
plats planted close than on the others. This is equivalent to saying 
that the least average distance between plants was somewhat greater 
than 12 inches. The following table gives the yields obtained each 
year with different distances, on land hea\ily fertilized: 

Yield in pounds per acre of seed cotton from planting at different distances. 

Year. !l by 4 feet. 2 by 4 feet. 3 by 4 feet. 4 by 4 feet. 

I i 



1891 
1892 
1893 



1894.....'. 2.065, 1.812! 1,843 



1893. 



Average of 5 years . 



Pounds. 


Pounds. 


1.943 


2.027 


1,616 


1.516 


1.903 


1,905 


2.065 , 


1.812 


2,270 : 


2,047 



Pound*. Pound*. 



2.007 
1,501 
1.925 



1.985 



1,960 1.861 i 1,852 



1,833 
1.439 
1,770 
1,671 
1,767 



1,696 



The figures giving the average yield for five years indicate that even 
on land so rich or well fertilized as to produce IJ bales of cotton i)er 
acre, a distance of 4 feet in the row between plants reduces the yield 
eonsiderably. On the whole the results seem to indicate that with 
4-foot rows, when the date of planting is rather late, there is an advan- 

^ Alabama Cauebrake Sta. Bal. 4; Alabama Dept. of Agr. Bill. 6 (1886); Alabama 
Colle«^e Sta. Bui. 4 (1887), Bui. 3 (1888); Arkansas Sta. Rpt. 1888, p. 117; Georgia 
Sta. Buls. 11 and 16; Mississippi Sta. Rpt. 1889, p. 13, Rpt. 1890, p. 16; South Caro- 
lina Sta. Rpt. 1889, p. 84. 
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tage in spacing cotton plants 12 to 16 inches rather than in allowing 
more room in the drill. 

The experimenter, however, in summing up the xesults for the five 
years, expresses a preference for a distance of 2 by 4 feet when early 
planting is practicable and when a yield of 1,800 to 2,000 pounds of 
seed cotton can be expected. In this case early thinning and rapid and 
thorough cultivation are recommended. 

That close planting favors early maturity, and hence is desirable 
when the date of planting is late or where the growing season is short, 
as in the northern part of the cotton belt, is indicated by the following 
facts noted in the experiment of 1892: The total yield varied little for 
plantings at different distances, but at the first picking the yields for 
distances of 1, 2, 3, and 4 feet were r^OS, 449, 323, and 221 pounds, 
respectively. At the second picking the yield was again greatest w ith 
close planting. However, at the third picking the yield was greater as 
the distance was greater, and this was yet more strikingly true at 
the fourth jjicking, showing the tendency of wide spacing to delay 
maturity. 

The yield of seed cotton per plant as influenced by distance in the 
drill was determined in the same experiments, as follows: 



Yield of seed cotton per plant at different distances in rows 4 feet apart. 



Year. 



1891. 
1892. 
1893. 
1894. 
1895. 



Average of 5 years 



1 foot. 


2 feet. 


3 feet. 


Pound. 


Pound. 


Pound. 


0.210 


I). 405 


0.565 


.169 


.287 


.423 


.275 


.417 


.561 


.243 


.325 


.483 


.275 


.411 


.557 


.234 


.369 


.518 



4 feet. 



Pound. 
0.687 
.542 
.690 
.566 
.665 



.626 



From this table we see that with plants at a little more than 12 inches 
apart each plant averaged more than one-fifth pound of seed cotton; 
at 2 feet apart, a little more than one-third pound; at 3 feet apart, one- 
half pound; and at 4 feet, five-eighths pound. The yield per plant 
varied greatly in different years. In this connection it should be 
remembered that the minimum yield in these experiments was 1 bale 
per acre. 

In 1893 the Georgia Station conducted an experiment to ascertain 
the best distance between the rows. Each plant was allowed 6 square 
feet of ground, one series of plats bearing plants at distances of 3 feet 
by 24 inches, another 4 feet by 18 inches, another 5 feet by 14.4 inches, 
and another G feet by 12 inches. The yield was greatest — 1,964 pounds 
of seed cotton per acre — when the distance was 3 feet by 24 inches, and 
the yield per acre and the product per plant decreased as the rows 
were widened, with the accompanying closer planting in the drill. In 
other words, the yield increased as the space assigned to each plant 
1993— :No. 33 18 
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approached a perfect square. A repetition of this test in 1895 con- 
Qrmed the results of 1893. "On land of le^s capacity than 1 balb 
I)er acre it would probably be well to reduce the width of rows to 3 J or 
even 3 feet. It may be safely urged that land which will not produce 
the maximum crop of which it is capable with rows not less than 3 feet 
wide can not profitably be cultivated in cotton."* 

In a test made by the University of Georgia, at Athens, the yield 
decreased very slightly and very gradually as the rows widened from 
2^ to 4 feet, the difference being scarcely suflScient to pay for the extra 
expense of cultivating narrow rows. In this experiment the plants 
stood close together in the row — 10 to 15 inches apart^— and the yield 
averaged a little more than half a bale per acre. On the same field 
single stalks and groups of 2 and 3 plants were left in a place, the 
interval for all being the same — 10 to 15 inches. The yields were prac- 
tically identical.^ Other experiments, notably those conducted at the 
North Louisiana Station, suggest that the cotton plant, under some 
conditions, does not suffer from the i)resence of 2 stalks in a place, a 
point of advantage where planting in checks is desirable. 

At the North Louisiana Station it was found in 1888 that with close 
planting in the drill every increase in the width of the row beyond 4 
feet reducM the yield. As between narrower rows the results were not 
conclusive.^ ^ 

In 1889 single stalks were left 8, 12, 16, and 20 inches apart in the 
drill; 2 stalks in a place were also left at these distances and at 24 
inches apart. The maximum yield of seed cotton was IJ bales per 
acre. Whenever the distance was greater than 16 inches, the yield 
decreased whether 1 or 2 plants stood in a place. Even closer plant- 
ing seemed to be slightly advantageous.^ The above-mentioned experi- 
ment was repeated in the following year, when the maximum yield 
of seed cotton — 1,690 i^ounds — was obtained on the rows in which 2 
plants stood together at intervals of 16 inches. For distances greater 
than 16 inches the yield decreased as in tlic preceding year, both for 1 
and 2 stalks in a place. With single stalks the yields at 8, 12, and 16 
inches were practically identical. Planting at a distance of 16 inches 
has the advantage of rendering cultivation easier than closer planting.^ 
When again repeated in 1891 the maximum yield — 1,800 pounds of seed 
cotton per acre — was obtained on the 2 plats having 2 stalks in a place at 
intervals of both 16 and 24 inches. For single stalks distances of 16 and 
20 inches proved of equal value, and yielded more than closer plant- 
ing.^ The next year the maximum yield — 960 pounds of seed cotton i^er 
acre — was obtained from 2 stalks in a place at intervals of 24 inches. 



' Georgia Sta. Buls. 11, 16, 20, 24, and 27. 
2Proc. Georgia State Agl. Soc, Feb.,1874, p. 67. 
^Jjouisiana Stas. Bui. 22 (old ser.). 
** Louisiana Stas. Bui. 27 (old ser.). 
^Louisiana Stas. Bui. 8 (2d ser.). 
^Louisiana Stas. Bui. 16 (2d ser.). 
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Single stalks were most productive at distances of 16 and 20 inches, 
yielding, respectively, 910 and 920 pounds of seed cotton.^ In 1893 the 
greatest yiekl — 1,1G0 pounds of seed cotton per acre — was produced by 
2 stalks together at a distance of 24 inches. Single stalks at intervals 
of 12 inches gave a yield almost identical with the above — 1,140 pounds 
per acre.'^ 

In 1892 early maturity was apparently favored by rather close plant- 
ing; at the first picking the single stalks or groups of two growing at 
intervals of 12 inches had matured a larger proportion of their total 
crop than had the plants grown at any other distance. In 1893, how- 
ever, close planting did not notably increase the proportion of total 
yield secured at the first picking. 

In 1893 at the experiment station at Baton Rouge, La,, 1 and 2 
stalks were left at intervals of 12, 18, and 24 inches in rows 3, 4, and 5 
feet apart. In rows 3 feet and 4 feet apart, a distance of 18 inches 
between single plants aflbrded the largest yield; in rows 5 feet apart, 
12 inches between plants in the drill proved best. The greatest yield 
for single stalks, 2,037 pounds of seed cotton per acre, was obtained 
when tbe distance was 18 inches by 3 feet; in other words, when the 
feeding area of each plant approached nearest a square. When 2 
stalks were left in a place the greatest yield on any plat was obtained 
by planting at distances of 2 by 3 feet; in 4-foot rows, 18 inches gave 
the largest yield, 1,734 pounds; in 5-foot rows the yield increased with 
the distance between the groups of plants. 

Taking the average results of all distances with both 1 and 2 stalks 
in a place, the yield of seed cotton per acyre was 1,821 i)ouiids on the 
3-foot rows, 1,557 pounds on the 4-foot rows, and 1,540 pounds on the 
5-foot rows. With single stalks 3 foot rows and 4-foot rows afforded 
practically identical yields when the distance between plants was 1 foot; 
at greater distances in the drill 3-foot rows proved superior. With 2 
stalks in a i^lace 4-foot rows proved most productive except when the 
distance in the drill was extended to 2 feet, when 3-foot rows gave the 
largest yield obtained on any plat. In this experiment distance of 
planting did not notably affect the earliness of the crop.^ 

The South Carolina Station conducted experiments on the subject 
extending over several years at three different localities in the State. 
The average results showed only very slight differences in yield, 
whether the rows were 3i, 4, or 4J feet apart. 

In the South Carolina tests when checking was practiced there were 
no constant differences in yield, whether the distance was 2i or 4 feet 
between the hills. In comparing drill culture with checking the aver-, 
age results of a number of experiments were quite similar, indicating 
no marked differences in yield between the two systems.* At the North 

1 Louisiana Stas. Bui. 22 (2d ser.). 

2 Louisiana Stas. Bui. 29 (2d ser.). 
^ Louisiana Stas. Bui. 28 (2d ser.). 

* South Carolina Sta. Rpt. 1888, p. 274; Rpt. 1889, p. 324; Bui. 2 (n. ser.) ; see also 
Georgia Sta. Bui. 11. 
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Carolina StatioD, in 1886, checks 2 feet by 3 feet and 3 feet by 3 feet 
afforded practically the same yields — nearly IJ bales per acre — but 
planting at distances of 4 feet by 4 feet greatly reduced the yield. At 
distances of 2 by 3 feet the crop matured somewhat earlier than on 
plats where more space was allowed each plant.' 

At the Alabama College Station cotton was planted in 1886 at inter- 
vals of 1, 2, 3, and 4 feet, in 4-foot rows. The closest planting yielded 
slightly more, the widest spacing somewhat less, than did the inter- 
mediate distances. The yields at different distances ranged between 
1,085 and 1,292.5 pounds of seed cotton per acre.^ 

Distance experiments were also made in 1889 and in 1890 without 
decisive result, the figures in the latter year suggesting a slight supe- 
riority of a distance of 2 by 4 feet as against 1 by 4 feet, 3 by 4 feet, 
and 4 by 4 feet, the yield being at the rate of about two-thirds of a 
bale per acre. Close planting hastened maturity.^ 

In 1891 Welborn Pet, a cluster variety, planted in rows 4 feet apart, 
yielded 2,519 x^ounds per acre of seed cotton when the interval between 
plants was 1 foot, 2,010 pounds when the x)lants were 2 feet apart, 2,077 
pounds at 3 feet, and only 1,145 when the distance was increased to 4 
feet. 

Peeler, a long- limbed variety, in 4-foot rows yielded at 2 feet 1,983 
pounds, at 3 feet 1,487 pounds, at 4 feet 1,453 pounds, and at 5 feet 
1,333 pounds of seed cotton per acre.* 

At the Alabama CanebraTvC Station, on slough bottom land, a dis- 
tance of 3 by 4 feet resulted in a yield of 952 pounds of seed cotton per 
acre, against a crop of 890 pounds obtained on the plats where the 
spacing was 1 by 4 feet, 2 by 4 feet, and 4 by 4 feet.^ 

At the same station in the following year the yield per acre of seed 
cotton in 4foot rows was as follows : Plants 1 foot apart, 1,216 pounds; 
2 feet, 936 pounds; 3 feet, 760 pounds; 4 feet, 880 pounds.^ 

From the results just summarized it appears that there has been 
found no definite law determining the proper distance applicable to all 
conditions. The results thus far attained by the stations relative to 
distance between cotton plants, though not capable of generalization, 
afford useful hints to cotton growers whose soils resemble those of the 
different experiment stations. Future investigations may result in 
rules of practice applicable to certain characters of soil and varieties 
of cotton. At best, however, variations in weather, which can not be 
foreseen, will limit the application of such rules. 

Rotation experiments have for some years been in progress at the 
Arkansas and Louisiana stations, but in the nature of the case 

1 North Carolina Sta. Rpt. 1887, p. 127. 

2 Alabama College Sta. Bui. 4 (1887). 

3 Alabama College Sta. Buls. 4 and 22. 
^Alabama College Sta. Bui. 33. 
^Alabama Canebrake Sta. Bnl. 3. 

^ Alabama Canebrake Sta. Bal. 4. 
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couclusive results are not to be expected until many crops have been 
grown.^ 

Five hundred bolls of the Peerless variety were selected at tbe Arkan- 
sas Station, from the bottom and from the top of well-developed stalks, 
the seed cotton from 500 bottom bolls weighing 8.2G pounds, from 500 top 
bolls 6.46 pounds. On planting the seed of these two lots of cotton, the 
seeds from bottom bolls germinated much better and more promptly than 
those from top bolls. The former also matured earlier and afforded a 
larger yield — 1,043 pounds of seed cotton per acre, as against 760 pounds 
from seed obtained from top bolls. The more complete and earlier 
sprouting of the seed from bottom bolls may have been the cause of the 
earlier maturity and greater productiveness of the resulting plants, 
for two replantings of seed from top bolls were necessary, and even 
then only about half a stand was obtained, while seed from bottom 
bolls afforded an excellent stand without replanting. But it does not 
api^ear whether the position on the parent plant, the greater size of 
bottom boll seed, or some other condition was the cause of the earlier 
and more complete germination of the seed from bottom bolls. Further 
experiments are needed to fully establish the difference, if any, in the 
germination and productiveness of seed from different parts of the cot- 
ton plant.^ 

Experiments intended to ascertain the effect of topping cotton have 
been conducted by the Alabama Oanebrake, Alabama College, Georgia, 
Louisiana, Mississippi, and South Carolina stations, and by the Univer- 
sity of Georgia. In only one of these experiments, that of the Ala- 
bama Canebrake Station, were the results decisively in favor of topping. 
In one year of the test at the Alabama College Station the figures 
slightly favored topping, though in the preceding year the slight 
advantage was with the plants not topped. The Georgia Station, in 
1890 and 1891, obtained a smaller yield from topped plants than from 
those not topped. Here, as in several other experiments bearing on 
this question, the effect of topping at dift'erent dates was studied, and 
the single exception to the injurious influence of this mutilation occurred 
in 1891 on the plat where it took place late, August 15. The earliei 
the topping the greater was the injury in these experiments. At the 
Mississippi Station topping as late as September 20 resulted in a large 
shrinkage in yield. 

The South Carolina Station conducted experiments in two localities 
in that State during three years without being able to observe any 
perceptible variation in yield between plants topped and those not 
topped. 

A single test at the IN^orth Louisiana Station, in which plants grow- 
ing at different distances were topped, revealed no marked effect for 
good or ill resulting from this practice. 



'Arkansas Sta. Bui. 23; Louisiana Bnl. 17 (n. ser.). 
^Arkansas Sta. Bui. 23. 
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Topping Las given contradictory results under different conditions. 
Diflerences in soil and climate are probably responsible for this, and it 
remains for future experiments to determine the conditions under which ' 
topping is beneficial or otherwise. 

In a single test made by the University of Georgia the yield on the 
plats where topping was practiced was 1,303 pounds of seed cotton and 
on the untreated area 1,387 pounds; the loss of 84 pounds was 
ascribed to topping. The prominent feature of this experiment was 
the probable influence of topping in hastening maturity, the topped 
plants yielding 47 per cent more at the first picking than did the 
plants not topped. This increased earliness, if it could be fully estab- 
lished, might explain the occasional success of topping, and would rec- 
ommend the practice for late varieties and for localities where the 
growing season is short. However, two experiments on a more exten- 
sive scale at the Georgia Station fail to show any perceptible increase 
in earliness as the result of topping. In future experiments in topping 
cotton it is to be hoped that its possible influence on early maturity of 
the plant will be observed. The detailed results of experiments in top- 
ping cotton may be found in the following publications: 

Alabama CoHege Sta. Bui. 4 (1887), Bui. 4 (1888); Alabama Canebrake Sta. Bui. 4; 
Proc. Georgia State Agl. Soc. Feb., 1874, p. 67 ; Georgia Sta. Buls. 11 and 16; Loui- 
siana Stas. Bui. 27 (old ser.) ; Mississippi Sta. Rpt. 1889, p. 13; South Carolina Exptl. 
Farm Rpt. 1883-1886, p. 33; South Carolina Sta. Rpts. 1888, p. 281, 1889, p. 332, and 
Bui. 2 (n. ser.). 



MSEASES OF COTTON- 

By George F. Atkinson, M. S., 
Professor of Botany in Cornell University, 

GENERAL NATURE OF COTTON DISEASES. 

Investigations, continued for several years, have brought to light sev- 
eral quite well characterized maladies of the cotton plant in the United 
States. Some of these are physiological in their nature, being due to 
disturbances of nutrition and assimilation. 

Other diseases of this j^lant are due to the action of fungus organ- 
isms, which live as parasites in various parts of the plant, consuming 
the nutriment and causing destructive changes, which bring about the 
death of the part attacked if not of the entire plant. The term *^ rust," 
frequently defined as "red rust" or "black rust," has become so general 
in its application as to be utterly valueless other than in conveying the 
notion of disease. If we accept the term " cotton rust " as simply syn- 
onymous with cotton disease, it will tend to eliminate much of the con- 
fusion which must necessarily result should the term be accepted for 
any single disease, and the great indefiniteness which has clustered 
around this term as a name for a single disease will be cleared away. 
By the application of appropriate names to carefully discriminated con- 
ditions of the plant, much progress will be made in the understanding 
and treatment of these troubles. 

The purpose of the present article is to present a r^sum^ of the 
results of the investigations upon cotton diseases in the United States, 
some of which have already been published. 

These diseases maybe classed in three general divisions, according to 
their etiology. 

Diseases due to physiological causes, — Mosaic disease, or yellow leaf 
blight, red leaf blight, shedding of bolls, and angular leaf spot. 

Fungus diseases. — Frenching; sore shin, damping off, or seedling rot; 
anthracnose; root rot; cotton- leaf blight; areolate mildew; cotton-boll 
rot; and ripe decay of bolls. 

I^ematode diseases. — Root galls. 

MOSAIC DISEASE, OR YELLOW LEAF BLIGHT. 

The later stages of this disease probably form the larger part of the 
troubles which are termed "black rust." The name mosaic disease, or 
yellow leaf blight, is quite characteristic of the early stages of the 
trouble as it is here defined, and renders it possible to differentiate it 
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readily from the other troubles, which are often spoken of as " black rust,^ 
but which are in reality quite different in their nature. The term "yel- 
low leaf blight" was first used by the author in 1892.^ "Mosaic dis- 
ease" was added to this term, or used synonymously, a few months 
later.^ The latter seems the more appropriate, but since the former 
was first used in differentiating this peculiar disease from the others 
it seems well at least to continue its use in the literature of the sub- 
ject for the present. During very rapid progress of the disease also 
the mosaic character of the leaf is not so apparent as during the 
normal development. 

In 1891 a prelimiuary investigation of the so-called black rust was 
ma<le.^ The study was confined entirely to the organisms present on 
the leaf and other parts of the plant, and it was not possible at that 
time to do more than to record the presence of certain fungus organ- 
isms, to observe their botanical characters, and to note the fact that 
their in-esence at least hastened the destruction of the plant. 

The following year investigations taken up at the beginning of the 
season confirmed the view that the organisms hastened the destruction 
of the plant, and at the same time demonstrated the fact that the organ- 
isms did not initiate the disease but only aggravated it. 

The results of the trials of Bordeaux mixture, eau celeste, and cop- 
per sulphate indicated that this disease could not be prevented by the 
application of fungicides, and confirmed the conclusion, drawn from 
observations of a different character, that it was due to physiological 
causes. 

Experiments conducted under the direction of the author in several 
localities in Alabama during two seasons showed a considerable reduc- 
tion of the disease on plats where kainit was the fertilizer used. 

At Auburn an experiment was conducted on three plats. Plat No. 1, 
on which cowpeas had been grown, received before plowing a heavy 
dressing of kainit and acid phosphat;*. No nitrogenous fertilizer was 
applied. Plat No. 2 received nitrate of soda in addition to other fertil- 
izers but no kainit. Plat No. 3 received a complete fertilizer. In July 
there was a perceptible yellowing of the plants in j^lat 1, while plats 
2 and 3 bore a rich green foliage. The yellow color of the plants in 
plat 1 was evenly distributed over the leaf, there being no indication 
of the mosaic arrangement so characteristic of the disease. In Septem- 
ber the plants were matured and only a few showed any sign of the 
disease. The yellow color of the plants was due to the acid phosphate 
and kainit ripening the plants prematurely (acid phosphate being^ 
known to produce this effect), along with a suffused yellowing of the 
plants. 

Early in August the plants in plats 2 and 3 were badly affected, the 

1 Alabama CoUege Sta. Bui. 36. 

2 Alabama College Sta. Bnl. 41. 

3 Alabama College Sta. Bui. 27; Bot. Gaz., 16 (1891), No. 3, pp. 61-65 
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leaves sliowiug the checkered appearauce of the disease, and were an 
easy prey for such fuugi aa Maerogporium nitfricantium aud Ceroospora 
gossffpina, resultiug ii» their curling up, drying, and falling off. 

In a field of cotton of 3 or 4 acres near the scene of the above experi- 
ment the plants iu May and June were very promising, but in August 
the disease had appeared to such an extent that the yield fell off at least 
one half of what would have ordinarily been exjiected. The fertilizer 
used in this case was stable manure, cotton seed, and acid phosphate. 

These experimeuts seem to show what has for some time been held 
by a number of intelligent planters who have exiierimeutcd with kainit 
as a fertilizer. It has been quite frequently noted that with quite large 
applications of kainit there was no appreciable increase in the yield of 
cotton. This occurs in those seasons when the rains are quite fre- 
quent, not long continued, and keep tlie soil moist and the j)laul iu 
normal growth. On the other liand, daring dry seasons as well as sea- 
sons of drought followed by loug-continned rains, kainit has a jjercepti- 
ble, sometimes a remarkable, influence in increasing the yield. This, 
with the well-known effect of such salts in changing the physical con- 
dition of the soil, leads to tlie belief tjiat tbe increased yield aud the 
comparative freedom from disease result from the action of the kainll 
in binding more firmly together the soil particles, so that it is more 
retentive of moisture or more able to draw it up from below.' Salt and 
wood ashes are known to produce much tbe same results iu the soiL* 
EoUing the land is frequently resorted to iu order to produce tlie same 
effect. In the cultivation of (iottou the more progressive ijlauters are 
careful to prepare the land well before jilanting, and then to cultivate 
only the surface soil afterwards, in some cases scraping the surface of 
the soil with a "sweep" to a depth of only a few inches. This leaves 
the underlyiug soil undisturbed, and there is no break in the continuity 
of the surface film on the soil particles below the few inches which have 
been stirred. The few inches of soil which have been stirred thus act 
as a mulch. 

Characters of the disease. — In the normal aud usual progress of the 
disease there first appears a peculiar yellowing of the leaf, which gives 
it a checkered or mosaic appearance. The yellow color appears in small 
areas and bears a definite relation to the venation of the li\if, being 
bounded by veinlets which subtend areas more or less rectangular in 
outline. The green color is found along the larger aud intermediate 
veins. The portions of the mesophyll lying along the veins, being near 
the channels for the distribution of the untriment, receive a better sup- 
ply of moisture and assimilative material than the areas farther away 
and those aloug the smaller and terminal ramifieatiou of the vascular 
channels at a time when the supply is being cut short because of unfa- 
vorable conditions of the soil. They are thus enabled to hold the greeu 



'Alabama College Sta. Bui. 36. 

< See article on climatologj and boeU, p. ItlO. 
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color and continue the activities of tlie leaf for a longer period, while 
the angular areas moat remote frran the eourcea of aappiy are the lirst 
to feel the loss, and the defloient untritioii is manifested by the yellow 
color of the parts. 

Duriug the first stages of the disease this color may become verypro- 
Boonced, but later it may be marred by the appearance of discolorfd 
8t>ots i»roduced by the growth of fungus organisms in the tissues, weak- 
ened by the failing uutritioii of the plant. Soon, however, there appear 
minute brownish spotsiu the yellowishareas, which increase in sizecen- 
trifiigally, assuming acir- 
cular outline and marked 
by concentric rings. The 
concentric rings are prob- 
ably duo to the periodic 
growth iif tbe fungus 
threads witbin the tis- 
sue s, tb e pe riod ic ity bein g 
produced by vnriationa in 
the temperature. The 
first fungus, wliichin most 
caseB api>ear3 following 
the mosaic condition of 
tbeleaf, is Macrosporivm 
nigricaniium Atk. As 
the leaf thus becomes iu 
a badly diseased condi- 
tion, the Ma€roaiH)rium is 
likely to be soon followed 
by an Alternaria.' The 
black hypho^ and spores 
of these two fungi soon 
give a black appearance 
to nearly the entire leaf, 
from which the disease 
.„. J ''"^ ''"s'"-"'"^™'!"^"'"' takes the name of " black 
rust." These are not, 
however, the only fungi which are tbund as accompaniments of the 
later stages of the disease. CoHetotrichum gonaypii Southworth is 
sometimes found, and Cercospora gossypina Cooke, as well as its per- 
fect stage, Spharella goagypina Atkinson, ia a very common accom- 
paniment of the trouble. Tlie accompaniment of the Cercospora 
stage of Sphierella gonsypina fretjuently produces a separate type of 
the disease, especially when this fungus is more abundant than 

iThia may be AHernaria (enuuNeea, whioli Qaaparrini found with other molds as 
aa aouompaniment of the (lisease of cotton in Italy known as Pelagru. (See Gaspar- 
rini, Osservntioui Bopra xma malattia del cotonej etc. Inst. D'lnooraggiameiilo. 
Napoli, 1865.) 
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either tlie Macrosporium or Alterjaaria. This usually occurs when 
the disease progresses quite rapidly through the earlier stages, so 
that the yellow color is soon diffused somewhat evenly over the 
entire leaf or a large part of it. 

The Golletotrichum gossypii South worth will be described under the 
paragraph on anthracnose of cotton, and the Sphcerella gossypina under 
the paragraph on cotton-leaf blight. Brief descriptions of the others 
may be given here. 

. Macrosporium nigrtoantium Atkinson. 

The technical description is as follows:^ 

HyphsB amphigenouB; subfasciculate, or scattered, 0.050-0.140 mm. by 0.006-0.007 
mm. ; nodulose, septate, olive brown. Conidia 0.018-0.022 mm. by 0.036-8.050 mm., 
strongly constricted about the middle, stoutly rostrate at one side of the apex, 
smooth, transversely, longitudinally, and obliquely septate, olive brown. 

From the intercellular mycelium in the leaf the hyphsB emerge to the 
outside, and, projecting a short distance from the surface, bear the spores 
at their free ends. When a spore is being produced, the hypha becomes 
somewhat enlarged directly below it. When the spore falls away, the 
hypha elongates at the end, the new growth arising from the inside of 
the enlargement, its contour being the same size as that of the hypha 
just below the enlargement. When the new growth first appears, it 
seems not to be connected with the enlargement, but projecting through 
it. As the hypha ages this appearance usually is not present and the 
enlargement seems to taper above into the new growth. The new 
growth thus formed at the end of a hypha may bear another spore, and 
so in favorable weather from two to eight or more spores may be borne 
in succession from a single hypha, the points where the successive 
spores were borne being just at the upper end of the successive enlarge- 
ments. At the enlargements there is usually a darker band around 
the center. The hyphsB thus have a nodulose appearance in such spe- 
cies as Macrosporium parasiticum Thum. As the young spore develops 
it is constricted in the middle before the first transverse partition is 
formed. 

The species of Alternaria has not been determined. The hyphsB are 
scattered or loosely fasciculate, and plain, not nodulose, and by this 
character alone may be differentiated from the Macrosporium. The 
conidia are obclavate and borne in chains. In making microscopic 
preparations from the fungus on the leaf it is diflScult to find the 
conidia in this relation, since they so easily become separated, but 
by making water cultures on a glass slip this manner of development 
is readily demonstrated. 

Other saprogenous fungi frequently appear in the final stages of the 
disease, but there is no especial interest or importance in discussing 
them. 

1 Bot. Qm., 16 (1891), No. 8, pp. 61-66. 
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If dry weather continueB for a long period aud the disease is devel- 
oped, it is not au infrequent occurrence for the proceasea of diasolutiou 
ill the leaf to continue so that the leaves curl uji aud fall away, and the 
plant may even die without the appearance of any of the organisms 
above described, or only a small percentage of the growth which is 
sure to appear it* warm raius follow a drought when the disease is 
present. 

BBD LEAF BLIGHT, 

The foliage of cotton frequently presents a red coloration, which is of 
the same nature aa that displayed in what are termed " autumu leaves." 
It is an exceedingly common occurrence toward the maturity of the 
cotton, even of quite healthy and rank growth. It ia of rarer occur- 
rence, however, in alluvial and rich soils than on poor lands. It is 
especially common on what is known as the " upland," where the soil ia 
worn and poor. Here it occurs quite early in the season, and cotton some- 
times makes but little progress before the leaves become red, growth 
ceases, an early maturity sets in, and the leaves drop, while the plant 
bears from one to two or several bolls. The affection, if it can be so 
called, is usually denominated "red rust." It results from an impov- 
ei ished condition of the soil, showing a lack especially of potash aud 
nitrogen, and probably also of phosphoric acid. Thia can be remedied 
by proper fertilizing aud cidtivation. 

A species of mite, probably Tetranychvs telarius or a closely re- 
lated species, frequently produces an injury to the leaves of cotton 
which causes them to redden. At the same time the under surface of 
the leaves, where the mites effect the direct injury, ia made to appear 
"rusty" or "scurvy," and, with the coloration of the leaves, would 
naturally lead to the designation of this trouble also as "red rust." 
It occurs in several of the cotton producing States, especially North 
and South Carolina, where it has beeu known to do considerable injury, 
Al one time, before the carefal tests with certain fertilizers were made 
and before a carefal study of the physiological relations of the plant to 
certain physical and worn-out conditions of the soil, the author waa 
inclined to believe that this mite was perhaps the sole cause of the 
so-called "red rust." That it does sometimes cause serious injury 
which ahould not in any way be confounded with the red leaf blight is 
certain. Some planters believe that this phase of the disease, though 
they do not distinguish it from the red leaf blight, ia more apt to occur 
near barns or buildings where there are numerous weeds, while others 
believe that it is certain to occur where the cotton is planted adjacent 
to a clover field, and still others say that if an armful of clover be car- 
ried across a cotton field the disease will aoon appear all along that 
tract. This would favor the possibility that the mites in these cas«" 
were on the clover, aud it is known that in some cases they are q' 
common on this plant as well as others. 
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Literature. — "The cottOD worm aud otliei enemies of the ootton plant," 0, F, 
Atkinson, South Carolina Dept. Agr, Mouthly Rpt., Oct., 1888, p. 91. South Caro- 
Una, Sta. Bui. 4 (n. sot.), p. 60. Alabama College Sta. Buls. 36 and il. 

SBEDDING OF BOLLS." 

The Bbedding of bolls or "forms," or tbeir death and drying while 
atill attached to the plant, is very frequently a source of great loss to 
the cotton crop. The trouble haa been long known, but one widely 
prevalent and disastrous form has been misunderstood. It is often 
confused with the work of the bollworm, with punctures made by some 
hemipterous insect, etc. That some of the shedding is due to the work 
of the bollworm is true, but the shedding referred to here is a purely 
physiological trouble, 

During three years' observation in Alabama the author found this 
physiological form of shedding to be very serious. It occurs most fre- 
quently in extremes of either dry or wet weather, or daring the change 
from oue extreme to another. It may occur to some extent under nor- 
mal climatic conditions, especially if the cotton plants are too thick, or 
the variety of cotton ia one which develops a very large amount of fruit 
forms in proportion to the leaf surface. 

During a normal period of growth the plants put out as many fruit 
forms as could be matured should the conditions favorable to growth 
continue. If a very dry period succeeds this, interfering with the sup- 
ply of nutriment and moisture, there will occur a partial withholding of 
tissue-forming material and moisture at a very critical period in the life 
of the young " forms," and the tissues of the young fruit are forced into 
an unnaturally matured condition. The fruit, including the peduncle 
and often more or less of the surface tissue of the stem at its point 
of attachment, becomes first of a paler green color tlian the adjacent 
parts of the plant, so that a well-marked color line delimits the healthy 
from the unhealthy portion. In many cases the tissue is separated at 
this line, so that the fruit falls oft' completely or hangs by a few fibers 
to the stem. The early growing season may be exceptionally favorable 
for the development of a large plant with an abundance of young fruit, 
and if followed by even ordinarily normal conditions will result in a 
partial loss of this fruit. A long rainy season may also cause the 
young bolls or forms to fall, the soil being so saturated with water as 
to interfere with root absorption, and the assimilative activity of the 
leaves will also be disturbed. 

The more or less complete separation of the tissues at the line of 
division between the healthy and dying portion depends upon the point 
of attachment of the fruit to the stem, and also to some extent upon 
the variety. In some cases the line of separation is apt to be clean cut, 
resembling the scar left by a falling leaf, especially when the peduncle 
stands at a strong angle from the supporting branch near its junction 
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with the stem or larger branch. If the point of attachment is at a 
somewhat greater distance from this junction and the peduncle much 
more inclined obliquely, the line of separation is apt to include from 
one-half to 1 inch of the surface tissue of the stem below the pedun- 
cle, and very frequently then the lower part of the dead surface tissue 
does not entirely separate and the boll usually remains clinging to 
the plant. In some varieties, especially the cluster varieties of cot- 
ton, the separation of the tissues does not take place so frequently, and 
the boll usually remains firmly fixed in position; but the dead part 
readily indicates the tissues involved. 

The matured bolls do not form a separative layer of tissue when they 
mature, but remain fixed to the plant. The falling away of the dead 
immature bolls and forms, when it does occur, is a useful provision of 
nature, since the plant is left in better condition for the gathering 
of fruit which does mature. One great objection held by some to the 
cluster varieties of cotton is their tendency to hold the dead immature 
fruit. There is need of careful observations on this disease in order to 
throw light upon its treatment. 

ANGULAR LEAP SPOT. 

This disease is named from the dark angular spots which appear in 
the leaf. It is very widespread, but rarely appears to such an extent 
as to attract attention. Careful observation would probably reveal it 
in every cotton field during the growing season from May to July, and 
frequently later. The disease is first manifested by a watery appear- 
ance in definite areolate spots, which are bounded by the veinlets of 
the leaf. The spots are sometimes very numerous and frequently con 
fluent. Often the disease follows one or more of the main ribs of the 
leaf, being bounded on either side by an irregularly zigzag line. In 
time the spots become blackish and then brown, and are frequently 
bordered by a blackish color where the disease has extended centrifu- 
gally. The dead spots in the leaf sometimes break out, leaving many 
perforations with ragged edges, somewhat as often results in "cotton 
leaf blight." The disease hastens the falling of the leaves. 

In the very earliest appearance of the spots, when the watery condi- 
tion is coming on, these spots swarm with bacteria. This suggested 
that it might be a bacterial disease. Cultures of the organism present 
were obtained and inoculations of healthy leaves were made at different 
times, but without producing the disease. It usually appears only in 
the older leaves which have passed their prime. It is quite likely that 
the bacteria present may easily start the trouble in such leaves, while 
they may be unable to affect the younger and healthy leaves. This 
may account for the failure of the inoculations. Sometimes, but rarely, 
it attacks all of the leaves on a plant. This suggests that such plants 
may be constitutionally weak from some unfavorable condition which 
renders them susceptible of attack. The trouble has not, however, 
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been suflBciently studied. There sometimes occur on the same plants 
bolls which present spots of the same watery appearance, which finally 
terminates in a rot and death. In this case the physiological we3,k- 
ness of the plant would naturally extend to the boll. A careful 
bacteriological study of the trouble in connection with physiological 
studies of the plant as related to different conditions of the soil, ferti- 
lizers, and meteorological conditions might throw more light on the 
disease. 

Literature,—** Black rust of cotton/' Q. F. Atkinson, Bot. Gaz., 16 (1891), No. 3, p. 16 j 
Alabama College Sta. Buls. 27 and 41. 

FBENOHING. 

This disease has been known for some time among planters in the 
middle and southern part of Alabama. Inquiries among planters by 
the author regarding the origin of this singular name for the disease 
did not elicit any information as to either the time when the name was 
applied or the meaning of the word in this connection. Judging from 
the significance of the verb of the same root, which means something 
foreign, and therefore in a later sense strange, unnatural, etc., it is 
intended to denote a strange or unnatural appearance of the cotton 
plant. 

This disease is probably distributed over a large portion of the South- 
ern cotton belt. The author knows of its occurrence in the State of 
Alabama at the following places: Mathews Station, Hope Hull, Allen- 
town, Pike Koad, Athens, Selma, and Montgomery. In 1892 specimens 
were received from Pine Bluff, Ark. The disease is sometimes con- 
fused with what is more properly known as variegated cotton, the 
foliage of which presents quite large angular areas of various colors, 
as red, white, and various shades of green on the same leaf, reminding 
one of a coleus plant. The author knows of several planters who thus 
confuse the variegated cotton with the disease frenching. Pammel ^ 
speaks of the term "frenching" being applied to variegated cotton in 
Texas, though he records nothing like this disease. It probably occurs 
in that State, however. 

The first sign of the disease is usually a light yellowing of the lower 
leaves at the edge, or more commonly between the forks of the main 
ribs of the leaf. This yellowing of the leaf, which is sometimes nearly 
white and quite pronounced, is the result of a failing nutrition of the 
leaf, but the trouble is more serious than in the mosaic disease and pro- 
gresses more rapidly. It begins at the edge of the leaves farthest from 
the large veins, and then progresses rapidly up the leaf between the 
ribs. The leaf then presents the yellow color in a radiate fashion par- 
allel with the larger veins, and not in checkers, as in the mosaic disease. 
Quite early in the disease the leaf begins to brown at the points where 
the yellow first appeared, so that a brown color of the dead portions of 

1 Texas Sta. Bui. 4. 
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the leaf follows quite closely behind the yellow. In this way there are 
three distinct colors, green, yellow, and brown, in parallel radiating 
bands. The brown and dead parts of the leaf soon break out, leaving 
the leaf quite ragged. The green color lies along the sides of the veins. 
This is bordered by the yellow, and the brown cuts a V-shaped figure 
in the yellow area, while the entire margin or only a part of it may also 
be brown and dead. 

While the lower leaves are usually the first ones to be attacked, they 
do not go through all these changes of color before others are affected ; 
but the general progress is from the lower leaves to those higher up on 
the plant. It is quite a common thing to see quite large plants with 
nearly all the leaves affected, the lower ones nearly dead while the upper 
ones are in the first stages of the disease. When the leaves are nearly 
dead, the tissues of the petiole at the junction of the branch mature, 
form a separative layer, and fall away. This may continue until all of 
the leaves of a plant fall oflF. 

The author's first observations were made on plants about 1 foot in 
height, a short period before the first blooms appeared, in 1891. In 
May, 1892, at Mathews Station, he observed the disease in very young 
plants, only a few days old, and before the plumule was developed. 
The peculiar yellow color was well developed in the cotyledons. These 
plants were growing in the ^'gunpowder'' soil of the black belt, and the 
season being at that time a little dry, the soil would frequently adhere 
in a hard lump about the roots of the plants. Taking advantage of 
this, a few of these very young plants which showed the disease in the 
cotyledons were taken up and transported to Auburn, Ala., a distance 
by rail of nearly 100 miles, where they were transplanted. The 
removal checked their growth for a few days, then growth set in and 
all external signs of the disease disappeared. But in the latter part 
of June, when the plants were almost 1 foot in height, they were 
severely attacked, and by the middle of July all of the leaves pre- 
sented the striped appearance so peculiar and characteristic of the dis- 
ease. The disease has never been known, except in this case, in the 
region about Auburn. 

When the plant is old, these progressive changes in the color of the 
leaf are frequently distributed over many more courses on the leaf, 
following not only between the main four or five veins, but also the 
spaces between the primary branching of these veins. On plants pos- 
sessing a mild type of the disease, some of the leaves may exhibit the 
yellow color in indefinite courses — now a few large yellow spots some 
distance from the edge, or a pale yellow occupying nearly one side of 
the leaf. But the disease is always sufficiently characterized — either 
by the usual relation of the different colors, or by the peculiar shade 
of yellow, or by both — for one who has once carefully observed the 
disease to easily detect it, except in some cases described later. 

The sure test of the disease, however, is found by breaking or cutting 
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the stem of tlie plant. If it is "frencbing'' the tissues of the fibro- 
vascular system will appear light brown in color, the intensity of the 
color depending upon the virulence or stage of the attack. Planters 
say the heart is black. A microscopic examination shows the presence 
of a fungus, the threads of which sometimes completely fill some of 
the vascular ducts of the plant. The discoloration of the tissues is 
more pronounced in those ducts in which the fungus is located. Under 
the microscope the color of the tissues appears to be a brilliant yellow, 
unless quite old, when it is much darker and suffused with brown. 
The threads of the fungus are colorless when young, but become a 
bright yellow in age, and measure 2 to 4 /^ in diameter. Minute 
spores, measuring 1 to 2 by 2 to 4 /^, are developed from the ends of 
the threads, and are found either attached to their points of origin or 
free within the ducts. Pure cultures were obtained and in all such 
cases the fungus proved to be a species of Fusarium. 

The fungus enters the plant near the surface of the ground, or in the 
upper portions of the roots. As the threads increase they grow 
upward, and, reaching the branches and petioles of the leaves, grow out 
into their circulatory channels. This explains why the lower leaves 
are the first to be affected during the early period of the disease. 

Tlie plants sometimes put out new growth after losing all their 
leaves, and seem to a certain extent to recover from the disease. In 
many cases the upper part of the plant dies and the new growth comes 
from the latent buds and dwarfed branches near the ground. 

These periods of convalescence may be followed by relapses several 
times during the season. The second attack often differs greatly from 
the first in external appearance, probably because the fungus is so well 
distributed all through the plant that its effect in attacking the new 
growth and increasing in the old is more rapid, thus not permitting 
the gradual sequence of color which takes place as described above. A 
few leaves sometimes show the characteristic sequence of color, but the 
leaf wilts, thus checking the color changes. The fruit is also affected 
and frequently undergoes decay when nearly ready to open, even on 
plants which do not seem to be very badly affected, or it frequently 
happens that in a light attack much of the fruit comes to maturity and 
opens in the normal way. 

Unless complicated with some other disease the fungus does not 
advance with such rapidity into the roots. This probably explains why 
so many plants sometimes recover, the roots in favorable weather 
supplying constantly the necessary moisture and nutrition and furnish- 
ing material for the growth of the latent branches near the base. In 
sandy land the disease seems to progress much more rapidly, especially 
when the plant has attained considerable size. It then often happens 
that very few of the leaves show the gradual color changes described 
above, but on a hot or dry day suddenly wilt, a few of the leaves wilting 
on one day and more on the following, or sometimes all on the same 
day, the plant then soon dying. 
1993— No. 33 19 
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This peculiarity of the disease by which the leaves suddenly wilt, in 
sandy land, is in external appearance very much like the root rot of 
cotton in Texas, but the etiology of the disease is very different. 

Occasionally the plants on sandy land are also affected with the root 
gall nematode. Whenever cotton in freuching districts is infested by 
these worms, almost every plant is also affected by the organism of 
frenching. This is probably because the roots, being diseased by the 
worm, otter easy access to the fungus. But many of the plants that are 
frenching are not affected by the worms, even in sandy land. The two 
diseases are quite distinct, but when both attack a plant the trouble is 
far more serious. ** Knotty swellings," such as are caused by this nema- 
tode, are reported by some planters to occur on the roots of cotton in 
the soil of the black belt. These are probably caused by the same 
nematode, but the author has never observed them on the cotton roots 
in the prairie soil, while he has many times seen them on cotton roots 
in sandy soil. That they do occur in the prairie soil on the roots of 
other plants is certain, since they have been found on the roots of 
tomatoes and lettuce. 

Artificial cultures of the fungus. — Besides cultures for separation, 
which showed the fungus to be a species of Fusarium, cell cultures 
were made by using very thin sections of the diseased tissue, so that 
the microscope showed that the growth obtained originated ftom the 
fungus threads within the stem. 

In artificial cultures spore formation takes place within fifteen or 
twenty hours from the time of starting the culture. The hyphse in arti- 
ficial cultures usually remained hyaline, only one case to the contrary 
being observed. This occurred in the case of some hyphaj in a bouillon 
culture which were left above the medium when transplanting some of 
the fungus from the bouillon culture. In a few days they had become 
the same color as the hyphse found within, the tissues. In artificial cul- 
tures frequently enlarged cells occur as intercalary cells of the hyph®, 
which resemble gemmae. Sometimes they occur at the end of a hypha, 
and in either case they may bear several flask-shaped basidia. 

In artificial cultures the spores measure 3 to 5 by 4 to 40 ;/, are con- 
tinuous or 1 to 6 septate, colorless, faintly granular, frequently possess- 
ing one or more vacuoles. The very minute spores are narrowly oval, 
and as they increase in length become curved. The shorter ones usu- 
ally have one end rounded, the other sharply pointed. The longer 
ones are usually pointed at both ends. 

The fertile hyphse, or basidia, as they are sometimes called, also vary 
greatly. The early ones, short and narrowly flask shaped, are sup- 
ported on the main hypha by a narrow licdicel. Later they frequently 
increase in size and branch profusely. The formation of spores in arti- 
ficial cultures reminds one of some species ot Gloeosporium and Col- 
letotrichum where they are clustered about the end of the basidium. 
Frequently in this Fusarium, as in othei species of this genus, the 
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fruiting bypba elongates as the spores are being borne and thus leaves 
the spores distributed along its course. On sterilized cotton bolls or 
Irish potatoes longer spores were developed than on agar or in bouillon. 

Parallel cultures were made of a saprophytic Fusarium which occurs 
on cotton throughout the cotton belt and is also frequently found on 
the bolls of frenching cotton. The two seem to be specifically distinct. 
In the saprophytic species the spores are more strongly curved and the 
ends very long and slender. This distinction was maintained through- 
out several cultures. The name Fusarium vasinfectuni was proposed for 
this fungus by the author.^ 

Inoculations. — Experiments were made in August, 1892, to determine 
if the disease could be obtained by inoculations with pure cultures of 
the fungus. The Fusarium was considered not to be a sufficiently 
aggressive parasite to be able to make its way into the ducts of the 
circulatory system unaided. The fact that the "sore shin" fungus 
could disease the stems of young cotton plants, and that many of the 
plants recovered even after the ulcer reached the vascular system, sug- 
gested that possibly this fungus might prepare the way for the entrance 
of the Fusarium. 

Several tests were made on growing plants that had been inoculated 
with the sore shin disease. In one experiment pure cultures of the 
Fusarium were inserted with success, one plant showing the external 
characteristics of the disease, and the fungus was found in the tissues 
when a microscopical examination was made. In another experiment 
l^lants affected with the frenching disease were placed in contact with 
some that were suffering from sore shin, the leaves of which in one case 
passed through the yellow color changes and then wilted. 

The ducts of the stem also presented all the characteristics of the 
disease. The result was more satisfactory than that obtained from the 
inoculations from the pure culture of the Fusarium. This suggested 
the possibility that bacteria which are frequently found in the diseased 
tissues were the cause of the disease rather than the Fusarium. While 
positive assertions in favor of the Fusarium being the cause of the dis- 
ease instead of bacteria can not properly be made, the evidence thus 
far in hand gives greater support to the former view. The Fusarium 
is invariably found in both cotton and okra affected with the disease. 
Bacteria are not always present except in later stages, for in quite a 
number of transplantings of diseased tissue to nutrient agar no bac- 
teria were developed, while the Fusarium always appeared. Again, the 
same species of bacteria did not always appear, but sometimes one 
and then another. The season of 1892 being the last one of the author's 
stay in the South, it was impossible to pursue the investigation further 
The separation of the bacteria and tests with each of the species pres- 
ent in the study of the etiology of the disease might be undertaken 
with advantage to clear up this point. 
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Literature. — "Frenching of cotton," G. F. Atkinson, Agr. Jour., Montgomery, Ala., 
Aug., 1891. "Additional note on frenching of cotton," ibid., Sept., 1891. *'A season's 
observation on frencbing of cotton," ibid., Oct., 1891. Alabama College Sta. Bull. 41. 

SORE SHIN; DAMPING OFF; SEEDLING ROT. 

These are names applied to a very common disease wlii(;h causes 
young plants to rot oflf partially or entirely at or near tlie surface of 
the ground. There seem to be several phases of the disease. Some- 
times the tissues undergo a soft rot, which ])rogresses very rapidly, 
and the early stages are not marked by any striking color characteris- 
tics. Another phase may progress rai)idly or slowly and is usually 
quite well characterized by a reddish brown color which accompanies it. 
This phase is also characteristic in that it is usually manifested on one 
side of the stem in the form of an ulcer which gradnally deepens until 
the vascular system is reached, when the life of the plant becomes 
really endangered. Even when this stage is reached, however, the 
plant may and docs frecjuontly recover. 

This lattcn- phase is (characteristic of a very common disease of seed- 
ling cotton. It is called by the planters in many i^laces '' sore shin." 
Many planters say tliat '* sore shin'' is the result of a mechanical injury 
to the plant from a cut by the ''scra])e'' used in cultivation. The term 
is sometimes applied to such injuries u])()n quite lai*ge stalks of cotton, 
but it should not be confused with the '' sore shin" of seedlings which 
is caused by the parasitism of a fungus. 

The fungus which is almost universally said to be responsible for the 
phenomena of " damping off" is Pyfhium debaryanum. While all cases 
of dami)ing off are not by any means due to this Pythium, it is quite 
likely that many of the cases, of what above is termed a soft rot of 
seedlings, are due to it. 

The fungus with which we are chiefly concerned here will be called 
"sore shin " fungus for convenience, for it is not well known at present 
what the species of fungus is, or even the genus, for from all of the arti- 
ficial cultures yet obtained of it nothing but the mycelium and sclero- 
tium stage has been obtained. 

The diseased i)ortion of the plant is just beneath the surface of the 
ground and presents an area of shrunken tissue of a dull brown or 
reddish color. The size of the shrunken area and the depth of the 
injury are i)roportionate to the serious condition of the ulcer, as it may 
be termed. If the injury remains confined to the superficial tissues the 
plant will usually recover. It does sometimes recover when the injury 
reaches the vascular tissue, but more frequently death results when the 
trouble has progressed thus far. 

When the study of the trouble was first undertaken an examination 
of the diseased tissue showed the presence of several fungi. Besides 
the frequent occurrence of Ehizopus nigricans and saprophytic species 
of Fusarium, there were generally present in great numbers nonfruiting 
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threads of some fungus. This led to the supposition of their causal 
relation to the disease. The threads are 9 to 11 // in diameter and 
the cells 100 to 200 fj. in length. At first they are colorless and pos- 
sess numerous vacuoles of varying sizes in the nearly homogenous 
protoplasm. Later they become brown in color. The branches extend 
obliquely from the parent thread, are somewhat narrower at their point 
of origin, and possess a septum usually 15 to 20 /^ from the parent 
tliread, giving a clavate form to this x)art of the branch which is con- 
tinuous with the parent thread. Frequently the hyphae are associated 
in strands, being woven and twisted together. 

Pure cultures, — By i)lacing affected seedlings on filter paper in a moist 
chamber there are developed in twenty- four to forty-eight hours numer- 
ous threads in a horizontal or procumbent position, which extend out 
for 1 to 3 centimeters over the i3aper, often not contaminated with other 
fungi. By transplanting a few of these threads, using a flamed platinum 
needle, into nutrient agar rendered acid by lactic acid (1 drop concen- 
trated lactic acid to about 10 c. c. of nutrient agar), a pure culture of 
the fungus was obtained. A series of experiments was conducted to 
determine whether this fungus could really produce the disease and 
damp off the young jilants. 

The experiments showed that the fungus used in the inoculations was 
the cause of the disease produced at that season in the gardens and 
fields examined. Numerous cultures were made on Irish potatoes, cot- 
ton stalks, oak wood, cotton seed, and horse dung, the details of the 
cultures, as well as the experiments mentioned above, being published 
in Alabama Station Bulletin 41. 

ANTHBACNOSE. 

(CoUetotrichum goaaypH South worth.) 

The fungus causing anthracnose of cotton was described in 1890 by 
Miss Southworth,^ according to whom the fungus was distributed in 
Ellis's North American Fungi,^ under the name Olceosporium carpigenum 
Cooke. Type specimens of G, carpigenum were examined by her and 
found to be distinct from the cotton fungus. The presence of dark setse 
among the basidia separates it from the genus Gloeosporium. During 
the same summer the fungus was studied quite independently by the 
author, who only learned of Miss South worth's study a short time before 
her publication appeared. His observations agreed with hers in placing 
it iu the genus Colletotrichum. The result of the author's first study 
was read before the Association of American Agricultural Colleges and 
Experiment Stations at Champaign, 111., November, 1890, and later pub- 
lished in the Journal of Mycology.^ 

The fungus is probably very widely distributed, but serious injury 
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^EUis's North American Fuugi, No. 2267, from Louisiana. 

3 Jour. Mycol., Vol VI, No. 4, 1890-91, p. 173. 
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seems to be coafineil to (lertain loualities. Tlie author bus observed it 
at qaite a number of places in Alabama, but onlj' at Bruiididge was 
any very serious injury to the fruit noted. At tbat place, in September, 
1891, 10 to 50 per cent of tlie crop was destroyed on some plautations. 
In the vicinity of Auburn, while it occurs on other parts of tlia plant 
as well asthebolls, its greatest injury seems to be confined to the young 
plants. 

Characters of the discoKe oh thf bolls. — Tim disease on the bolls origi- 
nates in minute spots. These spots, when very small, are of a dull 
reddish color, and present minnte shallow depressions of the surface 
tissue. As tiieae spots 
enlarge the tissue black- 
ens until the dfivelopment 
of the spores begins. 
These iire developed in 
pustules, usually conflu- 
ent, in the center of the 
nearly circular spot. With 
their development the 
color of the spot changes. 
If there iire a few spores 
it becomes ii dirty gray, 
or ft bright pink if the 
spores are numerous. 
Whore the spores are few 
in number, many of them 
Htiind out upon the sur- 
face (m, threads which 
have grown up through 
the tissue. The spores 
being colorless, a grayish 
cast is given to the dark 
background of diseased 
tissue. When the spores 
are developed in great 
numbers they are piled up 
into a considerable heap 
and form a large confluent mass occupying the central portion of tbe 
spot. A piuk pigment, given oft' by the spores, ia produced here in 
such quantities that it can be seen. This gives the pink color to the 
spots. As the disease progresses the spots increase in size and the 
color bands which surround tlie spots move outward centrifta gaily. 
The outer band, which is the border of the .spot, is dull reddish brown 
in color, and its outer limits arc ill defined. Inside of this border is a 
blackisli band, which borders the pink center. As the spots increase- 
in size they frequently coalesce and form large, irregular, diseased areas, 
covering souietimcs one-half the surface of the boll. II' the fungus 
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attacks the bolls before they are full grown it arrests the growth of the 
tissues involved on that side of the boll, so that they are frequently 
inequilateral. It also induces a premature ripening of the tissues, when 
the bolls become dead, and dry in fixed forms. The natural separation 
of the carpels is prevented. The boll either remains closed, or, as is 
more frequently the case, the carpels separate at the apex only, so that 
the boll remains partially open. In either case the fungus penetrates 
to the lint in many cases, and is often found upon it iu great abundance. 
In such cases the seed is likely to be included in the attack. Several 
saprophytic fungi are accompaniments of the disease in these final stages. 

Affecting the stem. — So far as the author has observed the fungus 
does not produce any characteristic injury to the stem of well-developed 
plants which is noticeable, but it is frequently found in injured parts 
of the stem, and on the scars formed by falling leaves, where the dead 
tissue of the scar, especially in humid weather, invites its development. 

The fungus sometimes seriously affects the stems of seedling cotton, 
attacking the stem at the surface of the ground or just below, and caus- 
ing the plant to wither and die, much as if it damped off. The tissue 
reddens and shrinks frequently in longitudinal lines. The macroscopic 
appearances of the injury are usually quite different from those occa- 
sioned by the ''sore shin" fungus. The stem is not apt to present the 
well-defined ulcer, or diseased depression, which is so characteristic of 
the injury from the latter. Seedlings are probably frequently diseased 
in this way from the spores which are lodged in the lint of the seed at the 
time of planting. In cultures of young plants in sterilized soil annoy- 
ance was sometimes caused by the development of the fungus under 
circumstances such that they could have been diseased in no other way 
than from spores which remained attached to the seed. Several times 
during the winter of 1892 and 1893 cotton seed from Alabama was 
planted in the forcing houses and botanical conservatory of Cornell 
University, and the fungus appeared sufficiently to damp off and disease 
several seedlings. This seed, which was gathered in the autumn of 
1892, afforded a good illustration of the vitality of the fungus. Some 
of these same seed were planted during the winter of 1893-94 and the 
fungus appeared upon the stems of the young seedling. In all cases 
where the seed were scalded before i)lanting the fungus did not appear. 
The anthracnose spores were not found in the lint in these experiments, 
and it may be some as yet unknown reproductive bodj'^ accompanying 
the seed which will retain its vitality for such a long time. The an- 
thracnose spores, however, have been found to germinate when taken 
from the diseased bolls after five months. In trials of some from the 
same bolls at seven months the spores failed to grow. It is quite possi- 
ble that the mycelium may rest in the tissues of the seed, as in the case 
of the bean anthracnose, CoUetotrichtim lindemuthianum^ and probably 
scalding the seed would not kill the mycelium within the tissues with- 
out also killing the seed, although this treatment might partially pre- 
vent the disease. 
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Affecting the leaves. — The autliracnose is freciuently found upon the 
leaves, it being more liable to develop in sickly leaves or injured 
places than to attack healthy ones. From the partial saprophytic habit 
of the fungus, otherwise diseased or injured leaves as well as stems 
provide a nidus for the i)ropagation and transi)ort of the fungus from 
the seedlings through the growing season to the bolls. 

The seed leaves, or cotyledons, however, suff'er from a characteristic 
injury. While the seed is germin.ating, the S])ores caught in the tangle 
of lint still adhering to the seed coats germinate and attack the fleshy 
cotyledons as they are slipping from the coats. The fungus attacks 
the edges of the cotyledons and destroj^s an irregular area bordering 
the middle x)ortion. The cotyledons, being quite fleshy and succulent, 
form a suitable place for the development of spores, and the diseased 
area is marked by the bright pink or roseate tint so characteristic of 
its profuse development on the fruit. 

The degree of success which attends the throwing off of the seed 
coats by the cotyledons during germination i)robably bears a very close 
relation to their susceptibility to disease. After the young root has 
emerged from the seed coat, or 'MiuU," if the conditions are such as to 
cause the hull to dry and remain so, it is cast off by the cotyledons 
with difficulty and sometimes not at all. Frequently the hull clings to 
the extremities of the cotyledons, holding them firndy, while their 
bases are exposed to the light and consequently take on a green, 
healthy color. The edges of the cotyledons thus held acquire a sickly 
yellow color, and frequently the effort to extricate themselves results 
in some abrasion of the tissue. In either case the edges of the coty- 
ledons, under such unnatural conditions, are an easy prey to the 
anthracnose spores which fall on them from the tangle of the lint still 
on the seed coat. Such cotyledons are sometimes attacked by a 
Fusarium, the spores of which also produce a pink pigment, and the 
fungus can then only be differentiated from the anthracnose by the use 
of the microscope. 

Young plants have been inoculated by sowing the spores on the 
cotyledons. This at first suggested the possibility of the fungus using 
this mode of entrance to the plant as a means of spreading through 
the tissues, to be prepared for the final attack on the fruit and other 
parts of the plant, much as is known to be the case in Cystopns can- 
ditlus and certain of the Ustilaginea?. Examination of the stem of 
affected jdants fails to disclose the mycelium in all parts of the plant, 
and there is no evidence that the anthracnose travels along througli 
the i)lant from the young stem or cotyledons to the bolls and leaves. 
Circumstantial evidence is very strong, even, that this is not the case. 
At all stages of the growing season the fungus produces spores very 
soon after germination takes place, so that crops of spores are devel- 
oped in rapid succession where conditions for growth are present. 
Furthermore, the fungus is not in any appreciable degree an obligate 
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parasite, but is markedly saprophytic at times. There is a reasonable 
possibility tbat the crop of spores produced on the diseased young 
stems or cotyledons will soon find an opportunity for growth and pro- 
duction of another crop of spores at some injured point on a leaf, or 
upon the partly dying tissue of leaf scars. When the fungus obtains 
a good hold in the tissue of the stem it does serious injury, which is 
not the case with the smuts in the stems of the cereals. 

Characters of the fungus. — The spores are oblong, sometimes rounded 
at both ends, but' usually rather sharply pointed at the base. There is 
usually a broad, shallow constriction at the middle, so that the ends of 
the spore are greater in diameter than the middle. The protoplasm is 
distinctly granular, and one or more vacuoles are present. The spores 
measure 4.5 to 9 by 15 to "20 /^ Where they are produced on green 
or decaying bolls or other succulent i)arts of the plant they are usually 
associated in distinct acervuli or heaps, which are 100 to 150 // in 
diameter. The acervuli are composed of numerous spores, with the fer- 
tile hyphse from which they are developed aud the underlying stroma 
within the tissues of the plant. The fertile hyphjie are of two kinds. 
The most numerous ones are short, colorless threads, arising from the 
stroma, and standing parallel, and very closely crowded together. They 
are usually called basidia. The second kind ai*e long, dark, olive-colored, 
septate setfc, which are characteristic of the genus Colletotrichum. In 
this species they bear spores, which is quite an unusual thing in the 
genus. The setse are straight, curved, or flexous, simple or rarely 
branched. They measure 100 to 150 /« in length. Their distal ends 
are nearly hyaline, and the spores borne upon them are often obovate, 
the base being rather sharp pointed. They seem to arise later in the 
development of the pustule after the ordinary basidia are developed, 
when parts of the stroma are becoming dark colored. They arise from 
the dark i)arts of the stroma or from rudimentary sclerotia. Many 
times in young acervuli the setaj are not developed, and if this condi- 
tion alone were known the fungus would be referred to the genus 
Gloeosi)orium. 

Artificial cultures, — Several artificial cultures were made to trace the 
development of the fungus. In some cases the nutrient medium used 
was agar peptone broth with and without an infusion of cotton leaves. 

The spores germinate quite freely under favorable circumstances in 
from four to ten hours. At the time of germination or prior to it, fre- 
(juently one or two transverse septa are observed in the spore, dividing 
it into two or three cells. Several germ tubes may be produced from a 
single spore. The mycelial threads begin to branch immediately, and 
are somewhat flexous in their course. From all parts of the mycelium 
short fertile branches soon arise of one, two, or three cells length, which 
resemble the basidia and bear spores. Sometimes these fertile branches 
or basidia arise directly from the spore. In the solid medium the spores 
from a single basidium, when not crowded by the basidia and other 
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spores, are clustered around the end, each succeeding spore pushing 
the one which has just become free to one side. The sharply pointed 
basal end of the spore favors this. After several days there is a beau- 
tiful crown of spores clustered at the end of the basidium, all lying 
parallel to each other. Spores are sometimes i)roduced within eighteen 
hours from the time of sowing. 

Besides the i)roduction of spores, certain branches, either remote from 
or near the center of growth, j)rodu(!e at their ends peculiar enlarged 
cells, olive brown in color and varying in outline, but always of greater 
diameter than the hyplue which bear them. These bodies frequently 
produce immediately a normal liyi)ha resembling the others of the 
mycelium. This in turn may soon [)roduce another bud, or may grow 
to a considerable length and ])roduce basidia and spores, or develop 
spores soon after its origin from the bud like an ordinary basidium. In 
many cases the gemma immediately begins to bud in an irregular man- 
ner, i)roducing cells similar in color, but very closely compacted together 
into an irregularly oval or elongated or flattened imperfect sclerotium. 
After one or two weeks' growth a large number of these gemmte and 
imperfect sderotia are developed near the center of growth. At the 
same time, the basidia have become very numerous at this point, arising 
from the mycelium or by the branching of older ones, and the mass of 
spores assumes a roseate tint. Cultures were also started in pure water 
and in weak nutrient medium. In water the germ tubes, when once or 
twice the length of the spore, almost invariably produced gemmte. If 
these developed other tubes it was only to give rise to other gemmae. 
In no case at that time were spores produced nor any appreciable 
length of mycelium. In the weak nutrient medium the gemmae were 
produced freely; also a number of liyphoe produced spores. While the 
vegetative growth exceeded that of the spores sown in water, there was 
but little compared with that of spores sown in a rich medium, and the 
spores did not live so long. These gemmae are sometimes spoken of 
as secondary spores. They are not secondary S])ores in the usual accept- 
ance of that term. They do not become freed from the mycelium except 
by accident or by the dying of the thread to which they are attached, 
in which case they are more properly gemma*. Their frequent later 
development into compound gemmaj by budding would stiengthen this 
view, and indicate that they are rudimentary sclerotia, or perhaps 
presage the development of ])ycnidial or ascigerous stages, as yet 
unknown in this genus. 

In cultures on nutrient agar the author has never observed setse to 
develop in such numbers nor so perfectly as they do naturally on the 
host. But by pouring a small quantity of agar on scorched lint in a 
culture tube and then inoculating this medium with spores the setae 
developed profusely. 

During October, 1893, cultures of the fungus were started again, this 
iime from material from Mississippi, for the purpose of noting the form 
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and growth characters of the colonies in plate cultures. The dilutions 
were i^oured in Petrie dishes and kept near a north window, where it 
was rather cool, especially during the night. The temperature ran up 
duriug the day to 70^ or 75^ F. The development of the colonies was 
rather regular in contour, though a marked periodicity of growth was 
induced by the change of temperature from night to day, resulting in 
the formation of concentric rings upon the colonies. The weft of fun- 
gus threads was rather thin over the entire colony, and radiating lines 
figured by the threads were plainly discernible even when the colonies 
were old. The first germ tubes did not branch profusely in the early 
growth, so that directly around the center of growth the colony was 
quite open, the threads not covering the' entire space, and the light 
was transmitted through this part much more readily than through the 
l)ortions of the colony surrounding it. The fungus was transferred to 
bean stems, and later to sterilized vetch stems. From this last culture 
another set of dilution cultures was started in April. They were kejit 
at a wanner temperature, and while the growth of the colonies was 
similar to those grown at a lower temperature, the size of the colonies 
was greater and all the characters were shown on a greater scale. 
Some of the spores were quite small, so that only one or two germ 
tubes were developed at one end. Since the threads grew much more 
rapidly at the higher temperature and branching was not frequent or 
rapid at the early stage of development, the young colonies in these 
cases i^resented elongated, thin, and scarcely discernible tufts issuing 
from the point of growth. In other cases, where several germ tubes 
arose from all sides, numbers of these tufts extended in all directions 
from the center of growth. As growth progressed and the colonies 
increased in size, the periphery became more and more compact by the 
greater profusion in the branching. From the small spores where there 
were but few germ tubes, and these from one side of the spore, the 
colonies were unsymmetrical, or one sided, and the radiating threads 
formed well marked, fan-shaped tufts. These fan-shaped tufts are also 
frequently developed in the symmetrical colonies where the original 
lines of growth from the spore are not sufficient in number to close up 
the periphery of the colony. This is more marked where the colonies 
are more numerous, as in the first and second dilutions, while usually 
in the third dilution, according to the method used, there were but few 
colonies, the nutrient medium being not so soon consumed, and there 
being more room for the advance of the colonies, they are more apt 
to close up at the periphery and form quite compact colonies. The 
unsymmetrical or eccentric colonies in this case form at first several 
beautiful fan -shaped tufts, which soon unite and form a reniform colony, 
later to be closed at the sinus, though the colony would still remain 
unsymnietric. 

Literature, — ''Anthracnose of cotton," Southworth, Jour. Mycol., vol. 6 (1890-91), 
pp. 100-105. ^'Aiithracuoso of cotton.'' G. F. Atkiuson, Jour. Mycol., 6 (1890-91), 
pp. 173-178. Alabama College Sta. Bui. 41. 
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BOOT ROT OF COTTON (OZONIUM). 

A i)reliminary account of the root rot of cotton was published by 
Pammel iu December, 1888.' A fuller account of the investigations 
appeared in the following November.^ The following account is an 
extract of the latter, supplemented by the results of the author's own 
investigations. 

The disease is a true rot caused by one of the higher fungi, but noth- 
ing as yet has been ibuu<l except the rhizomorphic and a sclerotia-liko 
condition, so that the alhnities of the fungus are still unknown. The 
fungus was i)ublished by Pammel provisionally as Ozonlnm anricomum 
Link, but it is <iuite likely that it is not identical with that species. 
Certainly it is not identical with several specimens which occur in some 
of the European exsiccata*. It will here be spoken of simply as 
'K)zoniuni." 

There is a general belief among x)lanters that certain soils only har- 
bor the disease. The investigations showed, however, that nearly all 
classes of soil are more or less subject to it. Planters suffer most 
from the disease in the central black prairie region of Texas. Its 
northern boundary is the lied River as far east as Paris, Tex.,. extend- 
ing in a southwesterly direction to San Antonio and thence westward. 
The counties of Montague, Wise, Parker, and Hamilton are tbe west- 
ern boundary in the north. A white rotten limestone, often cropi)ing 
out, underlies the entire region. The soil of these black waxy prairie 
lands is very retentive of moisture, which is a condition favorable to 
the development of the fungus. The moisture is especially abundant 
when the limestone comes near the surface of the soil. The cotton fre- 
quently dies from the disease on the limestone ridges and slopes when 
none is affected in other parts of the field. For the discussion of the 
various theories which have been advanced to explain the cause of 
the disease before it was shown to be due to the parasitism of a fungus, 
reference should be made to PammePs work. 

Characters of the disease. — The first indication manifested by the cot- 
ton plants of the activity of the fungus is the sudden wilting of one or 
more plants. This is usually first noticed iu the latter i)art of June 
and early in July, though the time varies with the locality. Planters 
sometimes associate the dying of cotton with the appearance of flowers 
and the bolls, but from the condition of fields early in July it seems 
that it makes its appearance much earlier in the season. K. D. Black- 
shear, of Navasota, Tex., has reported plants dead from the trouble as 
early as May C, and certainly (juite young plants are affected with it. 
The fungus has been seen on plants only C inches high. The sudden 
wilting of a considerable number of plants does not occur, however, 
until near the middle of June or later. The wilting of a single plant 
here or there in the field might be overlooked or be attributed to some 
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other cause. This explains wby from geueral observation the disease 
is tliougbt to appear first at a later period. From a single stalk whicb 
dies in May or June tbe disease may spread so tbat areas of consid- 
erable extent will be affected by the close of the season. The dead 
patches have no definite bonndaries, but extend in all directions 
throiigb the field, the black streaks and patches formed by tbe dead 
plants occasionally eon taining a few green plants. In passing through 
the belt where tbe disease is prevalent a striking contrast is observed 
between tbe areas made black by the dead plants, everywhere so con- 
spicuous in the fields, and 
the interspersed green 
areasof apparently healthy 
plants. The suddenness 
with which plants die is 
governed somewhat by tbe 
atmosphericandsoil condi- 
tions. Planters freqneiit- 
ly say that dry weather 
chects the disease. Dur- 
ing the dry weather in 
August, 1888, few plants 
were dying. In the latter 
part of August the rains 
set in, and then during 
intervals of suushiue large 
numbers of plants wilted. 
In June and July, 1880, it 
was again noticed that 
more plants gave the ex- 
ternal evidence of disease 
after a rainy day whicb 
was followed by warm sun- 
shine than during several 
days of dry weather. 

Healthy plants arc fre- 
quently found close to 
diseased ones even late in 
the season, but itdoes not 

follow tbat such green plants are not afTected with the disease, as has 
been shown to be tbe case by examination. For example, eight plants 
were found growing iu a cluster, two of which had wilted, and in each 
case the taproot was covered by.the mycelium. In two of the greeii 
plants the taproot contained an abundance of the fungus, and the 
plants would probably have wilted in a very few days. In two other 
cases a small amount of the fungus was fouud on the roots, while only 
a single one at that time was apparently exempt. 




302 THE COTTON PLANT. 

Every i)laiit Avhicli i)reseiits the pathological oouditions above de- 
scribes! possesses the fungus on the roots, if we add to .the sudden 
wilting of the plant the characteristic shrunken areas of the roots. 
Under the article on frenching it will be seen that sometimes this 
disease causes the plants to wilt suddenly under atmospheric conditions 
similar to those which are most favorable to the sudden wilting of the 
plants from the Ozonium. 

If the roots of plants Just dead from the disease be examined, fre- 
<iuently there are small ^* wart-like'' bodies on the surface, which very 
often occupy the lenticels of the root. These are probably the same as 
the sclerotia-like bodies, Avhicli are described farther on. Plants which 
have not yet succumbed to the disease, but which are affected, show 
the presence of the tungus on the root, sometimes in considerable cjuan- 
tity, so that it ai)pears as if the* root, or a portion of it, were covered 
with a whitish mold. The white threads gradually assume a brown 
color, beginning in the older portions. The taproot is usually the first 
to be attacked, and the point which the fungns first invests is some- 
where near the surface of the ground. It does not begin at the tip or 
near the tip of the root, and in many cases the lower portion of the 
root is free from the fungus, at lenst in the early stages. In cross 
sections of the diseased roots the characteristic threads of the fungus 
are seen to extend into the medullary rays and into the vessels. The 
threads within the tissues of the root do not become brown in color, and 
there are not the peculiar branching setie, but the identity of the threads 
with the fungus upon the surface can be determined by the direct con- 
tinuation of the superficial threads Avith the internal ones. 

The fungus derives its nourishment from the living substances of the 
root, and also in its physiological processes sets up (pertain fermentations 
which kill the affected portions, causing partial decomposition, which 
results in the shrinking of the tissues and the formation of quite exten- 
sive depressed areas. The borders of these depressions show at first a 
red discoloration, w^hich ijtimately becomes brown. Near the surface 
of the soil an enlargement frequently is formed in which elaborated 
materials are apparently stored during the progress of the disease. 
From these enlargements new roots are frequently developed as the 
lower roots are placed under contribution to the parasite. These help, 
in favorable weather, to prolong the life of the plant, but are usually 
not sufficiently developed to prevent the collapse of the plant when the 
older roots give way. When the roots become seriously injured, root 
absorption of material from the soil becomes so diminished that it is not 
equal to transpiration from the large leaf surface, and the plant wilts. 

In the affected areas the disease spreads from year to year in a cen- 
trifugal manner, the fungus making its way through the soil from 
plant to plant. 

The lint of the diseased cotton is injured, the fibers are wider, and 
the spirals are fewer and more uneven than in lint from healthy plants. 
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Some have supposed that the disease coukl be transmitted through the 
seed, but experimeuts have shown that this is not the case. 

Morphology of the fungus, — The threads which are found upon the 
surface of the roots are usually associated in strands which course 
over the surface of the root irregularly and branch quite frequently. 
The internal threads are sometimes associated in parallel layers, but 
are not formed into distinct strands like those upon the surface. The 
cells are hyaline, usually short, and of a greater diameter than the 
separate superficial threads or those upon the surface of the strands. 
The threads which compose the strands are usually of a greater diam- 
eter in the inside of the strand and smaller ui)on tlie surface. From 
the surface of the strands there are numerous free threads which stand 
out at various angles. Many of them are quite peculiar and character- 
istic of this fungus. They terminate in a long slender point, and fre- 
quently possess opposite or verticillate branches of the same character.. 
No fruiting condition in the form of conidia has as yet been determinedy 
nor any form analagous to the fruit body of any known fungus. 

The Ozonium auricomum Link, of Europe, is very different from the 
above fungus, though it is similar in habit in many cases and produces 
diseases of the roots of various plants. The space is too limited here 
for a discussion of the diseases due to this fungus, but mention should 
be made of the supposed complemental or fruiting form which has been 
reported in a number of cases in Europe. The complemental fruiting' 
form is given in many cases by different authors as a very distinct 
fungus, which is evidence that very much weight can not be given to 
the specific determination of these root fungi by the rhizomorphic form 
only, unless there seems to be some very characteristic features, as 
in the case of the Texas Ozonium, which mark it very clearly. The 
Euroi)ean Ozonium is said by Schroeter^ to be the undeveloped condi- 
tion of Coprinus radians Penzig^, of C, intermedius Winter ^ and Sac- 
cardo^, of Tramates odorata Holuby^, of Agariciis diliquescens, Thia 
would seem to show that the European Ozonium was at least the rhizo- 
morphic form of one of the Hymenomycetes. Pammel is inclined ta 
think that the Texas Ozonium is the undeveloped form of some Pyre- 
nomycetous fungus, probably being influenced in forming this opinion 
by the discovery of the frequent association of a fungus in the roots 
of the diseased cotton and sweet potatoes which possesses blackish 
rotund bodies that resemble the perithecia of some Pyrenomycetes, and 
also by a doubtful artificial culture which he obtained by washing the 
threads of the Ozonium. The cultures obtained from this were not 
in any way like those of the fungus as it appears in its natural habitat, 



' Kryptogamen Flora von Schlesieu, Bd. Ill, Ist Hefte, Pilze, 1889, p. 519. 
^Sui rapporti genetici tra Ozonium et Coprinus, Nuovo Giorn. Bot. Ital., XII,, 
pp. 132-143. 
3 Die Pilze, in Rabenhorst's Kryptogamen Flora von Dentschland, I, p. 405. 
^Saccardo, Sylloge Fung., VI, p. 345. 
^Zur Kryptogamen Flora von Ns. Podhrad, Oest. Bot. Ztschr., 1874, No. 10. 
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but it was suggested that this might be due to the iuflaence of the 
artificial medium. The pure cultures obtained by the author later show 
that this could not be the case. Pamrael himself did not place mach 
confidence in the results from his 8upi)osed cultures of the OzoDium. 
But this makes little difference from the standpoint of the treatment of 
the disease. 

Treatment. — The results of experiments at the Texas Station^ show 
that the disease can not be coiitrolle<l by any application to the soil at 
present known. Rotation of crops seems to be the only method which 
will keep the fungus in check. There are, however, a large number of 
other X)lants ui)on which the fungus can grow readily. 1 f plants which 
are suscei)tible to attacks from the Ozonium are grown year after 
year on the same ground the soil becomes, after awhile, so thoroughly 
infecte<l with the fungus that the crop will not grow to any extent. 
Corn, sorghnm, millet, wheat, oats, and other members of the grass 
family are suggested as desirable cr()i)s to grow in rotation with sus- 
cepti])le plants. Some sugg(\st a rotation which will bring cotton or a 
snscei)til)lc crop into cultivation on infected soil not oftener than once 
in three or four vears. 

Other plants Hnhjcct to the disnise — Pammel names the foUowiug plants 
as subject to attacks from the O/oniuni, an<l from which the disease 
may be communicated to cotton grown m the same soil: All nursery 
stock ex(!ept species of the genus Prunus, ai)ple trees, Ilussian and 
paper mulberry, ('hina berry, Japanese i)ersiminon grafted on native 
X)ersimmon, elm, basswood, an<l silver maple. Of these the China berry 
and i)aper nuilberry trees suffer most severely. In August, 1888, the 
roots of a num))er of living China berry trees were observed to be 
covered with the fungus, and in the following year they were found to 
be dead, and the disease had si)read to some young paper mulberry 
trees in the neighborhood. 

Old and dying trees frequently develop suckers. At Anna a num- 
ber of paper mulberry trees nearly dead produced hundreds of suckers 
from inches to 2 feet high which covered an area of several rods. 
The suckers were wilting in large numbers and many were dead. 
Specimens (»f the pear from Burnet County had the fungus on the roots, 
but the trees had been dead for some time and it was thought that the 
fungus worked only as a sai)rophyte on these trees. When young 
apple trees are aff'ecte<l with the fungus the leaves suddenly wilt and 
turn black and in a short time the trees perish. In older trees death 
is more gradual. They have a sickly appearance several years prior to 
death, bear a heavy crop of fruit, and then die. The Ozonium disease 
of apple trees nuist not be confounded with the trouble brought about 
by the i)resen(;e of aphides {Schizonetira lanigera) on the roots, which 
develop, as the result of injury, irregular knots on the roots. Some- 
times both the aphides Jind the Ozonium are found upon the same root. 
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Weeds affected by the fungus, — The common sida {Sida spinosa) is 
very commonly attacked by the Ozonium in infected fields. Even in 
fields well cared for by the planter this weed may be found in limited 
numbers. Frequently in such cases as well as where the weed is more 
abundant it is found to be attacked by the disease. This would be 
expected, at least since other plants are known to be subject to the 
attacks of the fungus, because the sida belongs to the same family as 
the cotton plant. The fact that this weed is subject to the attacks of 
the fungus and that it is a very widely distributed and common weed 
throughout the cotton belt is one difficulty in the way of success from 
the rotation of crops. The ragweed and cocklebur and some other 
Compositae were found to bo affected by the fungus. In all the cases 
observed the attack upon these plants seemed to follow some injury of 
a mechanical nature. There was no doubt that the fungus caused the 
death of the plants in question, but it was considered doubtful if they 
initiated the trouble. 

In orchards and nurseries all diseased plants should be dug up and 
burned. Care should be exercised in the purchase of nursery stock to 
see that the roots are perfectly healthy. In the use -of sweet potatoes 
for seed great care should also be taken, for in the use of affected pota- 
toes or the planting of affected nursery stock the fungus may be trans- 
planted to soils in which formerly the fungus was not present. 

To the above-mentioned plants which are subject to the Ozonium 
should be added alfalfa.^ 

ARTIP'ICIAL CULTURES OF THE OZONIUM. * 

During the summer of 1891 the author made several attempts to 
secure pure cultures of this fungus from material received from Texas. 
Tiie affected roots were placed on sand in moist chambers, and the 
fungus strands grew in several instances from 4 to 6 inches out over 
the surface of the sand. Portions of these strands were transferred 
to nutrient media and failed to grow. 

In 1892 the work was again undertaken, the author being supplied 
once or twice a week with fresh material. Each root before shipment 
was carefully wrapped separately with moist paper, retaining a small 
portion of the earth with it, several of such roots making a single 
package. Before receiving the specimens the author prepared several 
moist chambers in the following manner: A layer of sand about one- 
half inch deep was placed in a glass vessel and covered with four thick- 
nesses of filter paper; the sand and ^iaper were then moistened with 
distilled water and the cover placed in position. The moist chambers 
were sterilized in an oven at a temperature of 140^ O. for an hour or 
two for two successive days. On the arrival of the roots they were 
carefully unwrapped, the earth removed, the roots washed with dis- 
tilled water and cut into pieces 5 cm. long, and placed horizontally on 
filter paper, four or five sections in each chamber. In two or three 
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days the Htraiids of Ozonium could be seen growing out over the filter 
paper for Eb distance of 4 to (i em. SteriliKed glass slides were now 
placed at the advancing end of the strands, and njion these were placed 
small sections of cotton roota which had been previouBly boiled and 
then steamed foi' several hours to sterilise them thoroughly. Sections 
of such roots about 3 cm. long were placed upon the glass slide so as to 
come in contact with the fungus. At the same time similar sections 
of sterilized cotton roots were placed in test tubes iu moist sand and 
partially immersed in distilled water. In twenty-four to forty-eight 
honrs the Ozonium strands would tate hold of the bait placed before 
them, so that the sectitra of root could be transferred bodily to prepared 
culture tubes. The end containing the growth was placed in contact 
with the sterilized root already in the tube. 

Sterilized sweet potatoes were also used in test tubes as media for 
transplanting. The fungus grew rather slowly, but oat of 75 baits 
which were promising -t or 5 proved to be pure. From these, (cultures 
were multiplied to the number of 50. Great difficulty was encountered 
to prevent the contamination by several species of fungi and bacteria. 
The Ozonium on artificial media, such as sterilized eotton roots or sweet 
potatoes, grows readily after once securing a firm hold, and possesses all 
the other characteristics observable iu a natural condition npon the 
cotton roots. Being free from obstruction and hindrances whicli it 
encounters in nature, the growth is perhaps more compact, numerous 
strands uniting to form a brown weft, but the jieculiar strands were 
present as well as the characteristic and branched setie. 

Since the first transplantings tlie author has become more familiar 
with the habits of the fungus, and has found it an easy matter to cul- 
tivate it with certainty and in profusion, 

The Ozonium grew steadily over the sterilized eotton roots in a broad 
weft, the threads of which radiated from the point of infection. The 
line of advance is rather irregular, due to the unequal growth of the 
filaments. The weft is white for several days, when namerous branches 
arise on the free surface, giving it a woolly appearance. Later, promi- 
nent strands appear, lying in irregular parallels. About this time the 
color changes to a light yellowish brown, the characteristic color of 
the older phases of the fungus. 

After considerable growth has been made sclerotia-like bodies appear. 
They are from very small to 3 mm. in diameter, whitish and woolly, 
finally becoming of the same color as the filaments of the fungus. 
Internally the sclerotia are hyaline, and the cell walls are very thin. 
The outer portion is composed of threads similar to those of the 
strands. 

The development of the sclerotia was checked, and the experiment 
was begun anew tn the winter of 1892-93, Having no cotton roots on 
which to grow the fungus, apple-tree root, sweet potatoes, and horse 
dung were substituted as culture media. The fungus grew quite well, 
but failed to produce any sclerotia. 
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The structure of the strands and threads conformed eesentially with 
Pauimel's description. Some of the threads which form the early 
stages of the strands are much larger than others, and are strongly con- 
stricted at the septa. Branches of various sizes pnt ont from the parent 
thread, and in their growth closely invest it in a siiiiioua and irregular 
apiral. Other hranches put ont fronrtlie first in the manner just de- 
scribed, tlie new branches following the general direction of tbe stiand. 
The bran chingof the strands depends toa certain extent upon the branch- 
ing of the primary threads. The formation of the strands resembles the 
formation ofthe cortical layer of some of the speoiesof Bat rachospermum 
or the covering of the axial tilament of species of Lemanea, 

In artificial cultures, near the ends of some threads were observed 
swelling.s resembling oogonia. Sometimes the enlarged end of the 
hypha is brought in contact with these oftgonialike bodies, as though 
to fertilize tbem, but nothing resembling the fertilized oiigonium'was 
observed by the author. The bodies here described ijuickly disinte- 
grate. At first this phenomenon was thought to be preliminary to the 
formation of some sort of fruiting body, but it seems more likely that 
the protoplasm, developing certain acids having a strong affinity for 
water, imbibes large quantities of water, and the branches become 
abnormally swollen beforo their disintegration. 

Besides the Ozonium in several cases another fungus was present, 
which bas been supposed by some lo be another stage of the one under 
discussion. In the case of this one the raycelinni is dark in color, and 
dark perithecia-Iike bodies have been noticed by Pammel and the author, 
and the author noticed in some culturesa peculiar tbrm of budding; 
but while the fungus was carried through several cultures at diflFerent 
times, none of the supposed fruit bodies produced spores, so that the 
exact position of the fungus is mere speculation. That it is different 
from the Ozonium there is little doubt, since in artificial cultures of 
two complemental forms of the same fungus there should he some indi- 
cation in one of them of the affiniry. There was. however, throughout 
the entire series of cultures of both fungi no form or appearance which 
indicated the least resemblance that could be taken as indicating an 
afiinity between the two. 

Dnring the cultures many saprophytic fungi came under the author's 
observation which were associated with the Ozonium on the roots in 
the soil. Some of these were obtained as pure cultures on the baits 
which were set for the Ozouium. Some of these were sent to A. P. 
Morgan, Preston, Hamilton County, Ohio, for determination. The 
i'uugi noted in this connection were as follows: (Edocepkalum echinii- 
latum Thaxt«r, Sporotrichvm ehloHnmn Link, I'enicillium candidum 
Link, P. glaucutn Link, P. duclauxi Delacr., Mucor mucedo Linn., 
Rhizopus nigricans Ehr., lAeea lindheimcri BerkI, Verticilliuni rexianum 
Sacc., a species of Eurotium, several species of Fusariuni which were 
very common, the fungus described in the paragraph on damping off, 
several nonftiiiting forms, a pink yeast, and several species of bacteria. 
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It would be very interesting, from a scientific standpoint, to know 
tLe perfect or fruiting form of this Ozoniuni on cotton roots. If a 
pure culture could be again obtained, and then grown on a large num- 
ber of sterilized cotton roots all massed together in some soil in a place 
where moisture conditions would be favorable, in time this form might 
be developed. The failure to obtain this form in the above trials is 
attributed to the fact that all the cultures were carried on on too small 
a scale, so that there was not a suflQcient amount of roots in one place, 
and the moisture conditions were subject to too groat variations, so 
that in the course of a few weeks the culture would become partially 
dry or c()mi)letely so. The environment should be such that proper 
conditions of moisture could be sustained for a year or more. The 
author's study of the fungus thus far, however, lends to the belief that 
when this form is discovered it will prove to belong to some genus of 
the Hymenomycetes. 

COTTON-LEAF BLIGHT. 

(Spharella (joHaypitia Atkinson.) 

The cotton leaf blight is a very common disease of the cotton plant, 
but it very rarely becomes serious. It usually attacks only the older 
leaves or those which have become weakened by physiological disturb- 
ances att'ecting the nutrition or assimilation of the leaves. The fungus 
was first known in what is called the imperfect form, or conidial stage. 
This form of it was described by Cooke as CercoH'pora goHsypina. The 
diseased areas on the leaf are in the form of rounded, irregular spots, 
which possess a dull reddish border surrounding a brownish or whitish 
central area. In the central area the fungus is located. The inter- 
cellular mycelium consists of irregular, branched, septate threads, 
which here and there near the surface develoj) a tuberculate stroma 
that gives rise to tufts of emergent hyphfc, brownish in color and 
several times septate. Long, slender, terete, septate, hyaline conidia 
are borne at the ends of the hyplue. After one hyi)ha has developed 
a conidium this becomes freed and the hypha grows out at one side of 
the end and bears another conidium. This process is usually repeated 
several times, so that each hypha bears several ccmidia, and the hypha 
presents a toothed or zigzag form at the fruit-bearing end, each tooth 
or angle representing the place by a scar where a conidium had grown. 
These conidia germinate by the production of a germ tube at any or 
all of the usually numerous cells. These penetrate the tissue of fresh 
leaves and spread the disease. The spots first appear as minute red- 
dish dots, which increase in size centrifugally, and finally the center 
becomes brownish, leaving the red border which is characteristic of the 
spots. As the spots become old the central jiortion frequently becomes 
broken out, leaving the leaves with a perforated and ragged appearance. 

This fungus quite frequently attacks the leaves of cotton afiected 
with the mosaic disease. In some phases of the mosaic disease it is 
the commonest fungus on the leaves, and as the leaves die they become 
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curled in varioas ways, and daring favorable weather, as during rains 
in the hot snmmer time, a great profusion of byphie and conidia are 
developed. The lirown hyphw give a blackiah appearance to the leaf, 
while the colorless eonidia form a whitiah coveriug to portions of it. 
The eonidia and hyphie, nnder these circumatauces, are very long. On 
fiu(-h leaves the perfect, or Sphferella, stage of tUefnngua isqnite likely 
to be developed. These have been found in several parts of Alabama, 
and they undoubt- 
edly occur in all the 
cottou-prodncing 
States. This stage 
of the fungus { Sphit- 
rdta ffoSHtfpina) was 
first described in a 
bulletin of the Tor- 
rey Botanical Club.' 
The perithecia are 
ovate and nearly 
black, and partly 
imineraed in the tis- 
sue of the leaf, the 
ostiolum and the 
apical portion pro- 
jecting through the 
epidermis. They 
measure CO to 70 fi. 
The asci vary from 
clavate to lanceolate 
or subcyliudrical, 
measuring 40 to 30 
. by S to 10 ^l. They 
are eight-spored, the 
spores being ellipti- 
cal or nearly fu sold, and slightly constricted at the single weptum, which 
divides the spore into two unequal cells. 

£ilerii(Hre.— Cooke, Gravillca 12 [18831, p. 31. " Cotf uii-leaf lilight," F. LauiBon- 
Scriimer, U. S. Dept. Agr. Rpt, 1887, p. 35S. "Sphierella goBBypina," etc., G. F. 
AtkiiiBon, Torr. Bot. Club, Bui. 18 (1891), No. 10. Alubamu College Sla. Bnla. 27, 
36, and 41. Bot. Qaz., 16 (1891), p. 62. 

ABEOLATE MILDEW OF COTTON. 
(Itamutaria areola AtkiaBoti.) 
This mildew is conflued to definite areolate portions of the leaf, the 
areas being limited by the veinlets. The clusters of slioi't hyphro which 
project through the epidermis to the outside of the leaf and the num- 
bers of eonidia borne u|K)ii them give a mildewed or frosted appearance 
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to the spots. The hyphaj are colorless, usually simple, though sometimes 
branched, and divided into short cells. The conidia are short oblong, 
one to three septate, the ends being usually abruptly i)ointed. They 
are borne singly or in chains, and the successive places on the hyphaj 
where they were attached sliow a t/oothed surface. 

The fungus has been found by the author several times in different 
parts of Alabama, and specimens have been received from Mississippi. 
It is not of very common appearance, and the indications are that it is 
not harmful, though it is sometimes produced in considerable profusion. 
It probably ocjcurs in other IStates also. It was first discovered in the 
autumn of 1889.^ 

When viewed from above the spots present a light yellowish tint in 
the green leaf. Viewed by transmitted light tne spots are paler and 
l)ermit the light to come through more freely than through the other 
parts of the leaf. The hyphie are usually more numerous on the under- 
side of the leaf and sometimes only upon this side, but they may be 
borne upon both sides even on the same spot. It is not likely to become 
of any serious importance. 

Littrature. — *^A new Ramuluria on cottou," Bot. (Jaz., 15 (1890),p. 166. Alabama 
College Sta. Bui. 41. 

(JOTTON-BOLL ROT. 

(Bacillits (jossypinuH Stedman.) 

This disease was first described by J. M. Stedman.^ It affects the 
bolls, seed, and lint. Affected bolls were first received from Baldwin 
County, Ala., in August, 1893. The bolls were in a rotten condi- 
tion and contained insects which were determined as Epurcea cestivaj 
and Garpophilm mutilatus^ beetles known in the Southern States, Mex- 
ico, Central and South America, and having the habit of feeding upon 
decaying and injured fruit of all kinds, and sometimes found sucking 
the sap from wounds in trees. They were found common in cotton 
bolls and in heaps of <lecaying cotton seed. They were thus regarded 
as not having any connection with the cause of the disease. 

Saprophytic fungi and in some cases the anthracnose of cotton were 
found, but in bolls that were only slightly diseased no fungus was 
observed. Pure cultures of the bacteria inside the closed bolls were 
made by the plate method, and cultivations were started on gelatin 
and agar. 

In gelatin in four days the bacteria clouded the entire mass, giving 
it a greenish color. In agar the growth produced a milky cloud along 
the entire track of the needle path and over the surface of the agar as 
a more or less white, semitransparent glossy growth. Bolls on healthy 
cotton plants were inoculated with the bacteria from these pure cul- 
tures, and in all cases the disease appeared. Other bolls punctured 
with a sterile needle remained healthy except in one case, where the 
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decay produced was different from that characteristic of the disease. 
This rot is said to origioate within the boll, and is not apparent until 
the contents of the boll aie decayed, when the carpels show signs of 
the disease iu places. It first begins as a small, dark-brown area 
involving the young seed at the point near the peduncle. If it begins 
some time before the maturity of tlie boll, the entire boll will rot and 
nut open ; but it may begin so late that only a few seed and a small 
portion of the lint are affected, while the carpels separate and the lint 
may be exposed and gathered. 

Stedman discusses the question of the probable means of entrance 
of the bacillus into the interior of the boll. The suggestion that the 
germs may in the ground in some unexplained way make their enti'auce 
in the root and travel up the stem to the boll is made, and also the 
question of entering the young ovary at flowering time, when the 
germs may be distributed to the ovaries by the agency of insects. The 
possibility of the germs being in the seed at the time of planting is 
also suggested, and plans for experiments to determine the manner of 
infection are proposed. The organisms would not induce pathological 
conditions wheu introduced to any other part of the plant, although 
in some cases they were able to live for some time. The disease is 
chiefly confined to the middle and top crop, first manifesting itself 
early in August. 

The organism is a short straight bacillos, truncate at the ends, with 
slightly rounded corners, 1,5 // to 0.75 //. It is usually solitary, some- 
times in pairs, and occasionally in chains of three to tour. It stains 
readily with the usual aniline colors, is aerobic, nonliquefying, motile, 
and forms spores, though the latter iire not described. 

The problem of the entrance of the organism to the bolls should be 
investigated, together with the relation of the plant to soil and climatic 
conditions in connection with the disease; also its possible connection 
with the disease called -'frenching" should be taken into account. In 
this disease the organism, as we know, travels up the stem through the 
vascular ducts, and aside from the foliage characteristics, which are 
usually quite marked, many of the bolls are affected, and the rot here 
begins iu the interior of the boll at the same point aa in the cotton-boll 
rot. It should also be borne in mind that when the bolls are within a 
few weeks of maturity they are iu one sense a form of nutrient medium 
for even saprophytic fuiigiand bacteria which are introduced into them, 
so that too much reliance should not be placed upon the results of the 
inoculation of the bolls through needle punctures. 

BOOT GALLS 01' COTTON. 

{Hettrodera radicicolit (Greef.) Miiell.) 

The roots of cotton are sometimes affected with a disease caused by 

a nematode worm, which, living in the tissues, causes abnonnal growths 

t«rmed " galls." This is also a very common aft'ection of many other 
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plants, anti esjiecially in gardens throughout the South and in green- 
houses in the North. The worm is, in fact, quite geuerally distributed 
over the world. 

A related species, lleterodera HChackHi Schmidt, is also (juite comnion 
in Europe, affecting especially tho roots of sugar beets, and its life his- 
toi-y has been well worked ont by Strubell.' lleterodera radicicola was 
made the subject of investigation by Mueller,' thougli he left some 
important points undetermined. 

Ill tlie autnmn of 1889 a yajier on the injuries produced by this worm 
was published by the United States Departineitt of Agrieulture.' 

Almost immediately 
following this pai>er 
was one by tlie 
writer' (1880) dealing 
with the life history 
and metamorphoses 
of tliis nematode and 
tlieiiijuriesprodaced 
l)y it upon the plants 
in the vicinity of 
Auburn, Aliv. In the 
course of this work 
some points in the 
life history of the 
worm were more fully 
elucidated. 

The females are of 
a dull white or yel- 
low color, with irreg- 
ularly oval bodies 
from 0.25 mm. to 0.5 
mm. in diameter. 
They are usually 
quite easily difiteren- 
tiated when mature 
from the tissue of the 
plant in which they 
lie when the gall is broken open. Usually the uuai<led eye can also 
distinguish the head end projectiug as a minute point on oue side, 

I UutoreufhimgBn HliiT ilen Bau und (lie EntwickeliuiR des RiibennematoUeQ, Het- 
erodera $chacltlii SuhmiiU (Bibliotheca Zoulogica. Original Abhandlungen aug dem 
Gesammtgebiete der Zoologip, K. I.euckhart iiud C. Cbon. Heft 2), Casael, 1888. 

^'Mittheiluugen liber unaereu Kulturp Hansen ecbiidlicbe, das Ceacblecbt Belerodera 
bildendeii Wrirmei-, Landw. .labrb., XHI, 1884. 

-' The root'knot disease of the peacb, orange, and utber plaiite lii Florida, J. C. 
Neal. (U. S. Dept. Agr., Dir. Ent. Bui. 20.) 

1 Nematode root tia,Us, a preliminary report upoD tbe life biatory and t 
pbose* of ft Toot-gaJl nematode, etc. Ala. College Sta. Bnl. 9. 
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giving to the object tlie appearance of a minute gourd or *^ crooked-neck 
squash," or of a minute inflated bladder. They can be well seen with 
the aid of a small hand glass. The cephalic portion of the body is 
cylindrical, the end being rounded; the mouth is terminal, and opens 
caudad into the oesophagus which leads to the intistine. Lying within 
the mouth is a spear, slender and long-pointed at the cephalic extrem- 
ity, and ending in a three-lobed knob at the caudal end. It is capable 
of extension, being moved by pairs of muscles attached directly to it. 
In the males the caudal end of the spear is supported by six lamellae, 
the ends of which form the cephalic end of the head and fit around the 
spear. The oesophagus begins at the base of the spear. The cephalic 
l^ortion is a long, slender, tortuous channel, which appears as a dark 
line, reaching to near the swollen part of the cyst. The middle portion 
of the oesophagus is an ovoid or ellipsoidal transparent, muscular bulb, 
Avhich has a fibrillate structure, the flbrillse radiating from the center. 
The caudal i)ortion of the oesophagus connects with the intestine. In 
the gravid females this is difficult to see, since at this stage the mass 
of fat globules renders the body cavity too opaque. 

Were it not for a slight movement of the apparatus just described as 
the spear is thrust back and forth, or slight movements of the head, 
there would be nothing to suggest what we ordinarily consider a sign 
of life. Occasionally while the cyst is under microscopic examination 
the spear is thrust slowly out at the mouth and then drawn back. At 
the same time the cephalic part of the oesophagus connected with it is 
also moved. Sometimes the apparatus slides far enough so that the 
tortuous portion of the oesophagus is straightened and the bulb is 
moved a little forward and backward. Sometimes there appears also a 
slight lateral motion of the head, a sudden, "jerky'' motion. This is 
probably from force of habit, for in the larval stage movement from 
place to place is accomplished by a constantly changing, tortuous 
motion of the body. Mueller (loc. cit.) speaks of an expansion and con- 
traction of the middle part of the oesophagus which he has observed. 
By this means nutriment from the plant is sucked into the oesophagus 
and thence passed to the intestine. Within the vesicular portion of 
the body, frequently more or less obscured by the mass of fat globules, 
are the two long genital tubes, which are coiled and considerably 
longer than the body. The genital tubes are paired, and near the 
caudal portion of the body they unite into a common tube, which 
extends to the exit, the vulva. The genital tubes, though nearly cylin- 
drical, are composed of four parts. The anterior or free ends, including' 
about one-third the length, are the ovaries. The receptaculum seminis 
is near the center, and is connected with the ovaries by the oviduct and 
with the vulva by the uterus. 

The mature male is nearly cylindrical, 1 mm. to 1.5 mm. in length and 
about 43 // broad near the middle. The body is a little less in diameter 
at the caudal end, and the cephalic half tapers very slightly to the 
head end, which is about half the diameter of the middle of the body. 
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The body is beautifully marked by prominent transverse striae, broader 
and much more distinct than in the larval stage. The excretory canal 
opens on the ventral side a little caudad to the muscular bulb. The 
caudal end of tlie body is curved, and near it are the two spicules at 
the opening of the cloaca. The generative organ is paired. The long 
slender testes, lying on either side of the intestine, reach by their free 
cephaUc ends to about the middle portion of the body. Some little 
distance from the caudal end of the body they unite into a common 
canal, which itself, near the spicules, unites with tbe intestine to form 
the cloaca. The spermatozoa are spherical. The cellular structure of 
the testes resembles to a certain extent that of the ovaries. The cells are 
polyhedral from mutual pressure. In living males the spherical sperma- 
tozoa are easily seen at or near the common passage, but they are 
developed in the caudal ends of the testes. 

By boiling infested potatoes so that the worms could be removed 
easily from the softened tissues without cutting or crushing them it 
was found that it toughened the tissues of the animals and made the 
cellular structure of the testes, by coagulation of the albuminous 
substances, very distinct. 

DEVELOPMENT AND METAMORPHOSES. 

Eggs. — The young ova are developed in great numbers in the ovaries, 
and when fhll grown the genital tubes are crowded for nearly their 
entire length. They are very plastic; when free are spherical, but 
crowded in the ovaries are polygonal. Each one presents a large 
nucleus and distinct nucleolus. When quite young they are nearly 
hyaline and transparent. Near the cephalic end of the ovaries there 
are several layers of them because they are quite small, but as they 
grow in size and pass down the ovaries to the oviduct and receptaculum 
seminis they become elongated and a single one completely fills the 
transverse diameter of the duct, and its length is twice the diameter. 
The mature Qgg is 80 /« to 100 f.i long. The ends are rounded, and the 
form is somewhat curved so that it resembles a bean. The protoplasm 
in the young and transparent e^gg gradually becomes granular, and in 
the mature eggs the coarse granules and fat globules are so numerous 
that the {^gg becomes opaque and the nucleus is seen with diflSculty. 

After the eggs are fertilized in the receptaculum seminis they move 
on toward the uterus and vulva, but it is very rare that they escape 
from the body of the cyst, since that is usually inclosed on all sides by 
the surrounding tissue. The uterus becomes ruptured and the eggs 
become free within the body cavity. Segmentation of the egg fre- 
quently begins before the Qgg escapes from the uterus. The eggs may 
be found in several stages of segmentation while still within the uterus. 
The first division is usually such that the egg is divided into two 
unequal cells, though the difierence is not very great. From this time 
the segmentation is somewhat un<»qual. These two primary unequal 
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cella represent the motlier cells of two different groups of cells. The 
larger cell divides more rapidly aud forms small cells wtieh completely 
surrouDd the group of larger cells that result from the Blower segmen- 
tation of the smaller primary cell. The growing over of these smaller 
cells proceeds first down tLe convex side of the egg. This ectoderm 
layer of cells folds over the opposite end of the embryo, the eudoderm 
cells. Thns the prostofti is upon the ventral side of the egg — ^that is, 
the concave side — because the ectoderm cells on the concave side of the 
egg have grown but little. If at this stage we turn the egg so that we 
are looking directly at the concave side, the ectoderm cells will be in a 
boat-shaped mass, and within this are the endoderm cells. The pros- 
toni now begins to close by the growth and increase of the cells at the 
margin. This closure takes place more rapidly at the caudal end and 
advances toward the cephalic end, so that there is finally only a small 
opening through the ecftidenn near the cephalic end on the ventral 
side. This at last becomes completely closed. Invagination now takes 
place at the cephalic end, and the mouth and oesophagus are developed. 
Some of these phases can be seen while the embryo is still of the same 
length as the egg, but it soon begins to elongate and becomes more 
slender, and at the same time coils around within the egg. Eventually 
it is coiled three or four times. When it reaches this stage it remains 
a day or two within the eggshell, when by writhing aud twisting the 
egg membrane is ruptured and the embryo escapes. In doing so it 
molts for the first time. 

Larval stage. — The larva is 300 ft to 400 /i long; it tapers gently to 
the cephalic end and gradually into the pointed caudal end. In this 
form it resembles what are called "vinegar eels." The larvie at the 
time of hatching are inclosed usually by the sorrouuding tissne in 
which the female cyst was inclosed. They make their escape either 
by the decay and disintegration of the tissues or by battering a place 
of escape with the use of their spear. With the spear they also now 
gain an entrance into fresh and uninjured portions of the roots. The 
plant not being able to expel the invader bends its energies to the repair 
of the injury, aud the result is the formation of a gall, by the increase 
of the cells at the injured part, all of which lessens the energies of the 
plant normally directed to the production of leaf and fruit. The larvw 
wander through the tissue for a time, when they molt again and pass 
into the cystic state. 

Cystic state. — The larvfe locate at various depths in the tissues, and 
the body now begins to enlarge or "swell" up, except at the ends. 
Almost before any increase in the size of the body takes place it 
becomes rigid so far as auy voluntary motion of any considerable extent 
is conceraed. It may be twisted or turned in very curious forms when 
this rigidity comes upon it. The enlargement begins close behind the 
muscular bulb of the cesophagus, and for a little time this part of the 
body is a little larger than the caudal part. \'ery soon the enlargement 
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takes i)lace all along the body as far as the anas at the hyaline por- 
tion, some little distance from the pointed end of the tail. The cyst is 
at tirst irregularly spindle-shai>ed, then clavate with a shari>ly pointed 
process, the tail, at the larger end. Tp to this time it is very dillicult 
to distinguish the sexes, but from this i)oint they strongly diverge. 
The female cyst continues to enhirge until it reaches the vesicular 
form which it possesses at maturity, while the male undergoes a second 
transformation and returns to the thread-like or anguillula form. 

Transformation of the male. — The bodv of the male at this time is 
of the same size as that of the cyst, very stout in proportion to its 
length. The tirst sign of the transformation is the slipping of the head 
from this end of the cyst. At the same time the thick body begins to 
elongate, narrow, and double up within the cyst wall. This is the 
third molt, and while it is undergoing this change it molts again, 
making four in all. The male continues to elongate until it is coiled 
three, four, or more times within the cyst, according to the length of 
the latter, which retains perfectly its former shape. During this trans- 
formation the sexual organs of the male have matured. It now breaks 
through the wall of the cyst and travels through the tissues until it 
reaches a female, when fertilization takes place, after which the male 
soon dies. 

A life cycle of the worm is completed in about one month. Therefore 
in favorable seasons there would be seven or eight successive genera- 
tions in a single year. When we consider the number of eggs each 
female is capable of producing (from 100 to 200), it will be seen that 
the worms must multiply with startling rapidity. The periods of trans- 
formation of different individuals do not altogether coincide, so that at 
almost any season we may find worms in all stages of development. 

The injuries produced by the presence of the worm cause distortions 
of the tissue elements, and in many cases so devitalize the tissues that 
putrefactive organisms set to work and produce extensive diseased 
areas. The large amount of nutriment taken also by the roots in the 
development of the galls lessens the product of the plant. The great- 
est injury to cotton, however, seems to appear when the disease is 
accompanied with the '^ frenching" organism (see p. 290). Great care 
should be used in transferring rooted plants which are liable to be 
affected by the nematode from one place to another. 

Occasionally some males were found which showed but a single testis. 
Since Tleterodera schachtii possesses but a single testis, it might be well 
to inquire whether that species were also present and whether they are 
associated in the same roots in some cases or whether there is a varia- 
tion in H, radicicola in the possession of paired and single testes. This, 
however, must be left to future investigators. 



THE INSECTS WHICH AFFECT THE COTTON PLANT IN 

THE UNITED STATES. 

By L. O. Howard, Ph. D. 
Entomologist J United States Department of Agriculture. 

The cultivation of cotton in the United States has gone through a 
curious change with regard to the depredations of insects. Kot very 
long ago, according to statistics published by this Department, the 
average annual loss to the cotton growers from the work of a single 
species of insect amounted to $15,000,000, while in such seasons as 
that of 1868 and that of 1873 the loss far exceeded this amount. This 
insect was the so-called cotton caterpillar, or cotton army worm, or 
chenille, or cotton-leaf worm (the larva of Aletia argillacea Htibn.). 
Down to the year 1881 the damage done by this insect so far exceeded 
that inflicted by any other species that other forms had received but 
little consideration. 

With the rapid extension of cotton culture in Texas, however, the 
so-called boll worm (the larva of Heliothis armiger Hubn.) became a 
very prominent factor in the cultivation of the crop. This insect had 
always been known as an enemy of cotton in the other States, but the 
damage which it accomplished was greatly inferior to that of the cot- 
ton-leaf worm. Texas, however, speedily became noted for bollworm 
damage, and as early as 1879 this insect was recognized as the chief 
depredator on cotton. 

The subject of the cotton worm attracted very considerable atten- 
tion at an early date. Southern newspapers and magazines contained 
many articles, of which those by Dr. D. B. Gorham, Mr. Thomas Affleck, 
Dr. D. L. Phares, and Mr. William Jones are the most important. 
Mr. Townend Glover, the first entomologist to this Department, inves- 
tigated the subject of the cotton worm in the fifties, and, in fact, the 
literature of the subject increased very rapidly after the destructive 
year 1847. 

After the close of the civil war a series of cotton- worm years fol- 
lowed, unfortunately just at the period when the loss of a part of the 
crop meant more to the people of the South than had been the case 
at any previous time. This attracted investigation to the subject, 
and it was not long before the use of paris green upon the crop was 
suggested, probably in the first place by Prof. O. V. Eiley, at that time 
entomologist to the State of Missouri. It was later advocated by Mr. 
Glover, representing this Department, and circulars were sent out from 
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the Department in the year 1873, urging the use of this arsenical poison 
upon the crop. 

After the conclusion of the work of the United States Entomological 
Commission on the Migratory Locust, or '^Hateful Grasshopper" of the 
West, the most prominent and destructive insect in the country de- 
manding investigation seemed to be the cotton worm. Under appro- 
priations from Congress the investigation of this insect was carried out 
by the United States Entomological Commission and the Division of 
Entomology of tliis Department, working independently.* 

At just about the time when the commission finished its labors upon 
this insect the insect itself ceased to be a serious enemy to cotton. 
Since that season the damage which it has done has been compara- 
tively small, and at the present time the cotton worm is not feared by 
planters. That this state of affairs is due in part to the work of the 
official investigations can not be doubted, but to claim that it is due 
entirely to this work would not be justified. The wjdely disseminated 
knowledge of the life history of the insect and the consequent general 
adoption of the plan of early poisoning (i. e., before the destructive 
third generation of the caterpillars has made its appearance) in the 
more southern portions of the cotton belt have had much to do with 
the recent comparative immunity; but aside from this, the cotton worm 
is undoubtedly much less abundant and destructive than it was fifteen 
years ago, and as a consequence it no longer holds the first position 
among the insect enemies of the cotton crop. 

With the boUworm, however, we find a different state of affairs. 
This insect, as will be shown in a later portion of this article, does not 
depend upon cotton alone for its existence. It feeds upon many differ- 
ent plants. The cultural methods in vogue all through the South are 
peculiarly favorable to its development, and it is, moreover, a hardy 
insect, with comparatively few natural enemies. Further, it feeds for 
the greater part of its existence protected by some portion of the plant 
which it infests, and in a solitary way, so that it is not subject to the 
contagious diseases which are so fatal to many injurious insects of 
gregarious habit. This latter cause also operates against successful 
treatment, and the result is that boUworm damage has not diminished, 
but in fact has increased in many portions of our cotton-growing 
territory. 

'The results of these investigations are contained in three volames: The first is a 
144-page pamphlet published as Bui. No. 3 of the Entomological Commission, Janu- 
ary 28, 1880; the second a 500-page volume issued by the Department of Agriculture 
and entitled '^ Report upon Cotton Insects," etc., by J. Henry Comstock, submitted 
November, 1879; the third, the ** Fourth Report of the United States Entomological 
Commission," by C. V. Riley, published in 1885, a bulky volume of about 600 pages, 
illustrated by 64 plates and numerous text figures. Although its last report was not 
published until 1885, the work of the commission was practically completed with 
the year 1881. Copies of this report may still be obtained through Members of 
Congress. 
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As sliowii above, tbe boUwortu was incidentally studied during the 
Govermoeut investigation of the cotton worm. Ita life history was 
completely made out, and fairly satisfactory remedies were discovered 
and displayed in Comstocb's report on cotton insects and in the Fourth 
Report of the Entomological Commission, No general adoption of these 
remedies resnlted, however, and aa a general thing planters cither 
niidertook no remedial work whatsoever, or relied upon snch exploded 
remedies as the use of trap lanterns and i>oiaoned bait. As a result of 
the continued damage done by this species, Congress provided, in the 
appropriation bill for the fiscal year 1890-91, foi' a supplementury 
investigation by the Division of Entomology of this Department. At 
that time considerable attention was being given to the subject of con- 
tagious diseases of insects, and the Entomologist was instructed to 
conduct a tborough series of experiments in the direction of the prac- 
tical use of some such disease as applied to this insect. The work of 
a season in the field by an assistant in the division, F. W. Mally, who 
was helped by Dr. A. E. Booth, of Viebsburg, and by Mr. Nathan 
Banks, of the office force, resulted in the publication of Bulletin L'4 of 
the division, in which it is shown that the best dependence of the cot- 
ton grower is upon the remedies recommended in the Fourth Report of 
the Entomological Commission, and that nothing practical is to be 
hoped for in the way of the encouragement of any disease. Congress 
renewed the appropriation the following year, and Mr. Mally continued 
his work. The resnlts are summarized in Bulletin 29 of the division, 
which is entitled, " Report on the Bollworm of Cotton," and which was 
published in the spring of 1893. It is a pamphlet of 73 pages, and con- 
tains a number of new bnt comparatively unimportant facts relative 
to the economy of the insect and the details of the experimental work. 
Jio new remedies of value were brought out. 

Aside from the cotton worm and the bollworm, the cotton plant can 
not he said to suffer seriously from tbe attacks of insects. Cutworms 
sometimes damage the young plants in the beginning of the season; 
plant lice occasionally cause the withering of the terminal leaves (also 
usually early in the season); there are several bugs which sting tbe 
young bolls, although never to any serious extent; grasshoppers some- 
times "rag" the leaves in Texas, and there are several leaf feeding cat- 
erpillars which appear later in tbe season, and in i-eaUty do little but 
remove the superabundant foliage and espose the bolls to the sun, 
causing earlier ripening, and consequently a beneficial rather than an 
injurious effect. We occasionally learu of a case of local and tempo- 
rary damage by one or another of sevei'al species of insects, snch as 
the garden webworm, which injured young cotton growing in proxim- 
ity to garden crops in Texas, Arkansas, and Indian Territory a few 
years ago; but these cases are rare, and do not deserve extended con- 
sideration. 

A serious exception to this general statement may in the future be 
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found in Anthonomus grandis^ a Mexican weevil which damages cotton 
bolls. This insect, down to the close of the season of 1894, was known 
to us only through a few specimens collected upon cotton bolls in Mex- 
ico some ten years since by Dr. Kdward Palmer. During 1894, how- 
ever, we learned that the species had made its appearance in the State 
of Texas. It works in a peculiarly injurious manner, utterly destroying 
many bolls. The life history of the species was carefully investigated 
during 1895, and the writer has published two circulars of information, 
which have been widely distributed union g cotton planters.' 

After this brief summary it will be evi<lent that the subject of insects 
injurious to cotton in the United States will be most conveniently han- 
. died under four main headings — (1) the cotton worm, (U) the bollworm, 
(3) the Mexican cotton-boll weevil, and (4) other cotton insects. 

THE COTTON WORM, Oil (JOTTON CATERPILLAR. 

(Aletia argdlacea Hiil)n.) 

GENKKAL AI I'EAKANCK, IIAHITS, AND l.IFK HISTORY. 

This insect is ])eriectly famihar to all cotton growers. The slender, 
bluish green caterpillar with smnll black spots, and often with black 
stripes down its back, which loops when it walks and feeds voraciously 
on both upper and under surfaces of the cotton leaf, is to be found in 
cotton tields in the (Julf States all through the summer. It is gen- 
erally not noticed in the early part of the season on a(;count of its insig. 
nificant numbers, hater, through the ragging of the leaves, it becomes 
noticeable, and in S(?asons of abundance the plant is entirely defoli- 
ated. Farther north the insect makes its appearance at a later date in 
tlie season, and there the caterpillars are not the otfsi)riiig of hibernat- 
ing moths, but ot the moths of the tirst or second generation, which 
have developed in more southern cotton fields and have flown north 
with the prevailing southern winds. Late in the season moths of the 
fourth or fifth generation fly far to the north, frequently making their 
appearance in numbers about electric lights in Canada There is no 
absolute evidence of any other food plant than cotton, although many 
entomologists have surmised that the si)ecies has a northern food plant. 
The specimens seen in Canada have, however, in all probability flown 
north from cotton fields m the Carolinas, and perhaps even farther 
south. 

The egg, — The ^gg is bluish green in color and of a different shade 
from that of the leaf, so that it can be rather readily distinguished. It 
is flattened-convex in shape, with many parallel longitudinal ridges con- 
verging at the center above. It is found usually on the underside of 
the leaves and as a general thing toward the top of the plant. In the 
neighborhood of 500 eggs are laid by each female, sometimes several 
upon one leaf, but never in clusters. The eggs are laid at night, since 
the moth is a night flyer. The duration of the ^gg state varies some- 
what, according to the season. In midsummer the larva hatches in 
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Fig 9 —Egg of 



from tliree to four days after the egg is laid, but in spriug and autumn 
this perioil is very considerably leiigtlietied. 

The larra. — After liatcliiug from the egg, the young larva feeds at 
first upon the underside of the leaf, devouring simply the lower paren- 
chyma and not piercing through to the 
upper side until after the first molt. At 
first the larva is pale yellow iu color, soon 
becoming greenish. The dark spots be- 
come more or less conspicuous after the 
first molt, and the ch:iract«ristic markings, 
as shown in the figure, make their first 
appearance. After the second molt these 
markings become more conspicuous, and 
the insect takes on a distinctly greenish i^b^'I i'rom rourtu Kepoit u. s. 
color, the black along the back varying 

nmongdifi'erentiiidividuuls in its intensity. Before reaching full gi-owth 
the caterpillar sheds its skin five times, and the duration of the cater- 
pillar stuge is from one to three weeks. Early in the season the green 
color iiiqiears to predominate, while toward Ihe fall the blackish cater- 
pillars are more abundant, although at any 
time during the season green and dark 
worms are seen together. Althougli the 
normal food of the caterpillar is the leaves, 
it will frequently gnaw the tender twigs and 
will even dauiage the bolls by eating into 
them in spots. This, however, generally 
occurs only when the worms are present in 
exceptional numbers and the supply of 
leaves becomes exhausted. We have re- 
ferred to the fact that the caterpillar is a 
looper, i. e., that it walks by bringing its 
hind prop legs up to the true legs, causing 
its back to arch up in a loop. Like tlie true 
loopers, or measuring worms, it has the habit 
of jerking itself some little distance when 
disturbed, and when it falls it usually sup- 
ports itself by a silken thread. It is some- 
thing of a cannibal, and when other food 
fails, or even rarely when leaves are abun- 
''Jiae?&,rramuijTve-tn"cenat'.'irBi dant, it wllI feed upon smaller and feebler 
»ue (frgm Fourth Report V. s. individuals of Its own~ kind. In spite of 

EntomoloElcal Commiegten), ., ., , „ - , > > 

its comparatively small size and slender 
form, this larva is, in fact, very voracious, and when occurring in num. 
bers the ruin which it accomplishes is complete. 

The chrysalis or pupa. — The caterpillar, having become full grown, 
never enters the ground to transform, although many planters have 
believed that this is the manner in which the insect passes the winter. 
1993— No. S3 Jl 
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It spine a light silkeD web, forming aa imperfect cocoou, nsually witbin 
a folded leaf. It is frerfiueutly seen haoging quite naked upon the 
plant, bnt in sucli cases the leaf in whicli it was originally spuu has 
been eaten away by other caterpillars. Ita color is at first green, but in 
the course of an hour or so it changes to brown. The insect remaina 
in this condition tor a periml varying from one week to thirty days. 

The adult twsect.— The perfect insect or imago of the cotton caterpillar 
is a rather small moth of an olive-gray color, sonietimes with a some- 
what purplish luster. Ita 
wings expand from J^ to Ij 
inches. The markings of the 
wings are indicated in the 
tlguie. The motb is a, night 
flyer and hides during the 
day, starting up and tlyiug 
with a swift, somewhat dai't- 
Fio. ii.-CMton worn m,.tiK o, with win B- «piii.UBd i.i jug motion whcu disturbed. 

Blglit; b, wlugscJrMieii, •! rsH(— iiiiniTiil t>lBi> (nrtvrliilej'). 

Alter sunset it talies wiug 
and flies about, laying its eggs or searching for food. It feeds, in 
fact, rather extensively, frequenting neighboring flowering plants and 
also the uectai' glands of the leaves of cotton. Fruit, as it ii|iens, also 
attracts these moths, and is frequentlyseriouslyinjured by them. The 
tongue or proboscis of the moth is curiously modified and fitted for 
piercing the skin and tissues of ripe fruit, as is shown in tlie figure. It 
is said that they are able to puncture hard green pears, tlie eft'eet of 
the puncture being a discoloration of the skin for some distance nronud. 
Thefemalebcginstolayher 
eggs in from two to four 
days after leaving the chrys- 
alis, and each individual 
lays from 300 to COO eggs. 
With five consecutive and 
rapidly develoiied genera- 
tions the otuiasionally extra- 
ordinary numbers of the 
late broods are not to be 
wondered at. '*>" iimcihi. 

Number of hrooda or generaMonn, — The observations of Mr. Schwarz 
in South Texas in X879 show that at least seven, and probably even 
more, generations are produced there. Fully as many probably develop 
in Florida. The general belief in the Soutli up to the time of the 
beginning of the cotton-worm investigation was tliat there were three 
generations only, since three "crops" of worms only were customarily 
observed. The early generations, hpwever, were overlooked on account 
of their small numbers, and, in fact, in the norlheru portions of 
the cotton belt, the general idea was correct enough, since northward- 
flying moths in general do not oviposit in fields in this region until 
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comparatively late in the season. The moths hibernate, only in the 
extreme sontheru portions of the cotton belt, as will be shown in the next 
section, and begin to lay their eggs as early as March, or perhaps even 
earlier, in South Texas and Florida. Two generations are rapidly 
developed, and then, in these localities, a confusion of generations com 
mences on account of the retardation of development in certain indi- 
viduals and acceleration in certain others. Moths from the end of 
March on are constantly flying out from these points and, carried by 
the prevailing southerly winds, settle in more northern fields and stock 
a certain number of plants with eggs. Moths developing from eater- 
pillars hatching from these eggs in turn stock the fields in which they 
have developed with a greater uumberof eggs, and a certain proportion 
of them fly farther north. In this way there is a progressive develop- 
ment all through the cotton belt and a somewhat varying number of 
generations in different localities. Under certain conditions, however, 
such as the early development 
of a very large brood in the 
far South, so many moths may 
be developed that there is a 
nearly simultaneous stocking 
of a very extensive region. 

The importance of ascer- 
taining the early presence of 
the worms, although in small 
numbers, from aremedial point 
of view is very great, and since 
it was contlusively shown that 
worms may be found in the 
fields in the Gulf States long 
before the so-called "first 
crop," planters have looked 
for them more carefully, and 
doubtless in many cases pos- 
sibly severe injury has been prevented by the poisoning of early worms. 

The moths of the last generation in seasons of cotton-worm abun- 
dance frequently make their appearance in numbers far North. The 
moth is a very strong flyer, and, aided by the wind, has been known 
to occur abundantly in Canada, and has been observed in numbers far 
out at sen. During September it has been known to do very consider- 
able injury to peaches in Kansas and to ruin acres of cantaloupes as 
far north as liacine. Wis. 

Method of passing the winter. — The greatest difficulty was found in 
settling the question as to the manner in which this insect passes the 
winter, but it has finally been established that over the more northern 
portion of the cotton belt the species dies out every year, while in the 
more southern portions the moth hibernates and remains torpid in 
sheltered situations. There must also have been occasionally an ingress 
of moths from outside of the United States, say from the West Indies 
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or from Mexico or Central America. It was uuttoubtedly in this way 
that the species was first iiitrmlnced iuto the United Stiites, and such 
immigrations were probably of fre(iuent occurrence down to <'.()mpara- 
lively recent years. Professor Riley, writiug in 1882, cuucluded that 
there is nothing more fully establiBhed than that the moth hibernates 
principally under the shelter of rank wire grass in the more heavily 
timbered portions of the South, anil that these 
moths begin laying on the rattoon cotton when 
it is only an inch or so high. Only the«xcep- 
tional few survive, and this survival seems to 
be more common in the western part of the 
cotton belt than in the Atlantic btates. 







In the i-eport by Professor Oomstocli, pub- 
lished in 1880, and in the Fourth Report of 
the United States Entomological Commission 
much space is devoted to tJie subject of the 
—Ohatcit fiavipa. no im natural enemies and parasites of the trotton 
wonn. They are very numerous, and without 
r. s Kntomiiiuei™! Comniw their aid the worms must have done infinitely 
"'""' more damage than they have accomplished; 

but, practically speakiug, we need devote no space to their detailed 
consideration, as they can not be practically handled. Their increase 
can not be encouraged beyond the enforcement of general laws against 
the killing of insectivorous bii-ds. A few of the most imiwrtaut of the 
predaceous aTid i>arasttic insects are shown in the accompanying figures. 
The little egg parasite, Trichogravinta jiretiosa (fig. 13), is one of the 
most important. Mr. Hubbard has recorded 
the fa«t that in Florida this one parasite 
almost entirely annihilated the fifth brood. 
At the beginning of the fourth brood about 
half of the eggs weie destroyed by this insect. 
Of the eggs laid by the fourth brood -moths, 
tirom 75 per cent to 90 per cent were parasit- 
ized, while of the eggs of the fifth broo<l the -'"^m <» "le 'mdereido of cm. 
proportion destroyed by theparasite exceeded pTprn'of ^«p'(«(™»"™m«MHi-! 

90 per cent, and out of the sixth brood care- mHural sii* (from Fourth Reimrt 
...... , .,,,.„ . .. U.S. EatoraoloeicalCon nit«»innj. 

ful estimates show that but 3 or 4 eggs out * 

of 100 escaped. The external parasite of the caterpillar Eupkctrug 
omstockii (flg. 15), is also another abundant parasite, while the other 
insects figured take almost as important parts in limiting the increase 
of the worm. As far back as 1847 Dr. D. B. Gorliam found that nearly 
all of the chrysalids of the last brood of worms were destroyed by 
Pimpta conquisiior (fig. 16). From this fact he argued that the fields 
must be restocked by moths flying up from the South, and perhaps 
ti-oni the West Indies. It is a very curious lact that some twenty-five 
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years later Mr. A. E. Grote, studying the cottou worm iu Georgia, 
was unable to find any parasites wbatever, and from this fact argued 
tlmt the insect was not a uoimal member of the Georgia fauua. but flew 
ill every year, probably from the West Indies. 



, III the Fourth Eeport of the United States Entomological Commis- 
sion nearly 200 pages were given to the consideraticm of remedies 
aiid preventive measures. All the false ideas which had gained 
currency among planters were explained away, an extensive con- 
sideration of remedies against the insect in all litages was given, 
and the subject of machinery for the distnbutioii of wet and dry poi- 
sons was most elaborately treated. The chapters on remedies in this 
report have resulted in great benefit to the agricultural community as 
a whole. The system of eddy-chamber or cyclone nozzles was here tiret 
treated, and modi- 
fications of these 
nozzles are now in 
active use in all 
parts of the world 
for the application 
of insecticides and 
fnugicides to very 
many crops. Sev- 
eral elaborate 
machines for the 
distribution of wet 
poisons were i n - 
ventediiithecuurse 
of the investiga- 
tioii,au(lalldevices 
which had been 
patented received 

consideration. Although, as just stated, this work has been of great 
value to agriculture and horticulture at large, its results from the 
standpoint of the cotton grower have, for the reasons stated in our 
introduction, amounted praetically to nothing down to the present time. 
Ill 1883 Dr. VV. S. Barnard, who had been in charge of the insecticide 
machinery portion of the cotton-worm investigation, was sent to Ala- 
bama to make field t«sts of the largest and apparently most practical 
machines which hail, been devised. He found that the large machines, 
so arranged as to uuderspray sixteen rows of cotton at once, were com- 
paratively impractical, except iu a very few cases. Were cotton so 
planted that the rows were equally spaced, the machine would work very 
well, but the inflexibility of the larger machines prevented them from 
conforming to inecinalities of the ground and to uneven rows. Every 
cotton planter knowa that in an average cotton field the necessities of 
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the case will not allow of ideally true rows. The rows must run wider 
or narrower according to the quality of the soil and the size of the plant 
a certain soil will produce. It wasfound^ therefore, that an attempt to 
underspray more than four rows at once was practically useless. A 
good account of the best apparatus for spraying this amount of cotton 
at a single operation has been published by the Division of Entomology 
of this Department. ^ 

We have briefly indicated in the introduction to this article tbe fact 
that such extensive remedial work against this insect as was planned 
in the Fourth Report of the United States Entomological Commission 
has not of late been found necessary in the South, and have hinted 
at some of the reasons. Perhaps the main reason, however, is that 
a change has taken place in Southern agriculture, which has fre- 
quently been urged by writers upon economic entomology as most con- 
ducive to the limitation of widespread damage by any given species 
of injurious insec^t. This is the greater diversification of crops. Cot- 
ton is no longer i)lanted everywhere, as in the broad fields which 
were so common twenty years and more ago. As a characteristic 
instance, we may take the case of a prominent planter at Columbus, 
Tex., who in 1880 had 500 acres of cotton under cultivation in a bend 
of tbe Colorado River. In 1894 he had of the same area 300 acres in 
corn, 100 acres in Johnson grass, and only 100 acres in cotton. It is 
readily seen that such a breaking up of the immense cotton fields of 
the South will to a great extent prevent any undue multiplication 
of the caterpillars and consequent migration northward of the moths. 
Twenty years ago, moreover, remedial work on a large scale was not 
attempted by cotton planters. Later the knowledge of the importance 
of poisoning for the early broods has inspired planters with a feeling of 
confidence, which has since steadily grown, both as the result of suc- 
cessful remedial work on a more or less small scale and the undoubt- 
edly smaller numbers of the worms. Further, the development of the 
cotton-seed oil industry has been an important factor. In earlier times 
rank-growing varieties of cotton, producing few seeds, but of long fiber, 
were grown. Now that cotton seed is worth from $9 to $15 a ton, 
smaller varieties of cotton, with a shorter fiber and a higher proportion 
of seeds, are more popular. The fields are thus more open, and not 
only afford a better opportunity for remedial work when necessary, but 
also show plainly the first "ragging" of the leaves and prevent the 
worms from working in numbers comparatively out of sight until one 
or more generations have developed and the moths have become sutti. 
ciently numerous to lay eggs for tlie old and greatly feared "third 
brood." These points and others have already been reported by Mr. 
E. A. Schwarz, of this office.^ His article is a result of observations 
made upon an ofScial trip through the cotton belt in the summer of 
1894. At many points he found the sentiment among planters to be 
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that the cotton-worm question is solved. As a result of these observa- 
tions and of the reports of Professor Atkinson in Alabama and Pro- 
fessor Tracy in Mississippi, as well as from conversations had with a 
number of influential cotton planters and correspondence with others, 
we are quite inclined to believe that the simple method of using undi- 
luted and dry paris-green powder which has sprung up throughout the 
South is probably capable of maintaining present conditions. So far 
as we know, the large machines recommended in the Fourth Report of 
the Entomological Commission have never been built and operated by 
planters. Some eflbrt has been made since the close of the cotton- 
worm investigation to put patented machines upon the market, and 
this eftbrt was largely duo to the increase of the caterpillars in 1890.^ 

The distribution of dry paris green from two bags held at the ends of 
a pole over the back of a horse or mule is a process which has developed 
apparently spontaneously. At least ten years ago the process was 
described to the author in a conversation with Hon. Charles E. 
Hooker, Member of Congress from the Seventh district of Mississippi. 
Writing in July, 1890, Prof. G. F, Atkinson, of Alabama, spoke of it as 
a "recent" method. Tbe Mississippi ExperimentStation, in June, 1890, 
described the method as one which had been recently developed.'^ 
Prof. J. S. Newman, of Auburn, Ala., used the process as early as 1887. 
It is quite probable, however, that this method dates back to early in 
tbe seventies. The method is described^ by the Mississippi Experiment 
Station as follows: 

Make two sacks of heavy cloth, each about 10 Inches long aufl 4 in diameter, open 
the whole length of one side and firmly sewed at the ends. We have found 8 ounce 
osnaburg the best cloth for the purpose. Take a strip of oak or other strong wood 
about 1^ by 2 inches and 5 feet long, and bore a 1-inch hole 5 inches from each end. 
Tack one of the sacks to each end of the pole, fastening one of the edges of the 
opening to each of the narrow sides of the pole. 

The sacks can be filled by pouring the poison through a funnel inserted in the 
holes through the pole, and distributed by riding on horseback through the cotton 
rows, dusting two rows at a time. A little practice will enable one to do this work 
very evenly, and care must be taken not to allow the sacks to touch the leaves when 
wet or the poison will not pass through. When the sacks are freshly filled a very 
slight jarring will shake out a sufficient amount of the poison, but when nearly 
empty the pole should be frequently and sharply struck with a short stick, or spaces 
in the rows will be missed. 



^ Three machines were patented in 1890 — the Roach cotton- worm destroyer, pat- 
ented by the James P. Roach Manufacturing Company, Vicksburg, Miss. ; the Rogers 
dry-poison distributor, patented by the Rogers Company, of Lagrange, Tex., and the 
Brown machine, manufactured and sold by L. M. Rumsey & Co.j at St. Louis, Mo. 
All of these cost $50 or more each, and while all were probably capable of doing the 
work claimed for them the sales were small. One company has gone out of business, 
and the machines of the others have not been extensively used. Should a season of 
great caterpillar abundance come, either of these machines may be used to good 
advantage, or the smaller spray distributor described in the Fourth Report of the 
Entomological Commisfcion, or a number of the spraying machines put upon the mar- 
ket of late years in the North may be adapted to field use in the South. 

2 Mississippi Sta. Bui. 2. 
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When used in this way we have found it the best plan to use the poison without 
any admixture of flour, and if flour is to be added lighter cloth shouhl be used in 
making the sacks. 

With a pole and sacks as described, one man and mule can poison from 15 to 20 
acres per day. 

THE COTTON BOLL WORM. 

{HeliotJtw armiger Hiibn.) 

Unlike the cotton worm, this insect is by no means confined to Amer- 
ica, nor is it confined to cotton as a food plant. It is known in many 
other parts of the world, and it can not be surmised at the present time 
whether it has been carried from some one point or whether it is indig- 
enous over its extremely wide range. Its food plants vary in extraordi- 
nary degree. In this country it is one of the principal enemies of cotton^ 
of corn, and of the tomato. 

The cotton bollworm, the corn earworm, and the tomato fruit worm 
are all the same species. In addition to these crops, it feeds upon peas 
and beans, tobacco, pumpkin, squash, okra, and a number of garden 
flowering plants, such as cultivated geranium, gladiolus, mignonette, as 
well as a number of wild plants. 

(lEXERAL APPKARANCE, HABITS, AND LIFE HISTORY. 

The egg, — The egg is a little larger than that of the cotton worm and 
more nearly round. It is nearly white in colorand rather inclined to 
yellowish. Examined with a lens, its structure seems to be almost 
identical with that of the cotton worm. The eggs are laid upon all 
parts of the cotton plant, occurring most abundantly on the underside 
of the leaf. A few can be found uj)on the stalks, many upon the upper 
surface of the leaves, some upon the involucre, and occasionally they are 
seen upon the stems of the boll or upon the leaf of the petiole. The eggs 
are laid just at twilight, and they hatch in from two days to a week. 

The larva. — When first hatched, the bollworm looks much like the 
cotton worm. It is rather darker in color, but also walks like a looper, 
or measuring worm. It feeds at first near the eggshell, and then begins 
to wander away, crawling from one leaf to another, until a young bud 
or boll is found, into which it bores. Frequently several days pass in 
this search for a boll, and rarely the worm may reach full growth upon 
a diet of leaves. It is during this early, wandering, leaf-feeding exist- 
ence that the insect may be destroyed by arsenical poisons, as is true of 
tke cotton worm. When the young worm enters the flower bud the invo- 
lucre flares open and the young bud or young boll finally drops. This 
*' shedding" of cotton is, however, not caused by the bollworm alone. 
Other insects are concerned in the damage, and the flaring and dropping 
occasionally occurs when no insect injury can be found. A very con- 
siderable amount of damage may be done in this way, as a single 
young larva will travel from bud to bud, deserting each before it falls. 
The bud pierced just before opening is forced into premature bloom, 
but the worm usually feeds upon the stamens and pistil, rendering it 



DESCRIPTION OF PLATE IV. 

TRANSFORMATIONS OF COTTON BOLLWORM. 

(Heliothia armiger Htibn.) 

Fig. 1. Egg on underside of cotton leaf. 

Fig. 2. Larva one-thitd grown boring into square. 

Fig. 3. Entrance hole of young larva in square, with excremental pellets at edge of 
hole. 

Fig. 4. Nearly full-grown larva just issued from boll. 

Fig. 5. Full-grown larva on leaf stem. 

Fig. 6. Pupa shown in center of underground earthen cell; cell shown in longi- 
tudinal section. 

Fig. 7. Adult moth, light variety. 

Fig. 8. Adult moth with dark forewings. 

Fig 9. Adult moth in resting position, wings slightly elevated, hind border of 
hind wings slightly showing. 
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incapable of fructifying. As tbe bollworms grow they begin to vary 
greatly in general appearance. Full-grown worms mtiy be found of 
almost every intermediate stage of color between light green and dark 
brown or rose. They may be unstriped and unspotted, or they may 
possess dark stripes or black spots. These color varieties are not 
caused by ditferent food, since many variations occur in specimens 
feeding upon the same plant. Upon cotton the larger worms take the 
larger bolls, the young ones having confined themselves in the main to 
the flower buds and the newly formed bolls. They then practically 
progress downward, the young ones being found mainly upon the top 
crop, while the older ones bore into the older bolls of the middle crop, 
the bottom crop being seldom seriously damaged by this insect. Often 
a single worm will practically destroy several large bolls, and one 
instance is on record where 18 young bolls and many blooms and 
unopened flower buds have been destroyed by one not fully grown 
worm. The bollworm is not only a voracious plant feeder, but it is also 
a cannibal. Older worms feed upon younger ones, and it has often been 
known to eat the chrysalids of the cotton caterpillar. With an abun- 
dance of vegetable food at hand, the larger worms will seize upon their 
small brothers, biting through the skin and feeding upon the juices of 
the body. In ears, of corn the remains of several young worms are 
often found, while the strong, large worm which has destroyed them is 
the only living occupant of the ear. The larva occupies from two 
weeks to a month in reaching full growth. 

The pupa, or chrysalis, — Unlike the cotton caterpillar, the bollworm 
enters the ground in order to transform. It forms an oval cell com- 
posed of particles of earth held together by a loose, gummy silk, or the 
pupa may be perfectly naked. It is of a light mahogany color, darker 
toward the head, and the duration of this state is from one to four 
weeks. 

The adult insect, — The adult insect of the bollworm is a moth about 
the size of the cotton-worm moth, but has a stouter body and is more 
extensively marked, as well as more variable in its markings. Its 
general color varies from a dull ochre-yellow to a dull olive-green. The 
fore wings have a rather dark band near the tip and the hind wings are 
also bordered with a darker band. The wing veins are lined with bla.(*k 
and the fore wings have also several dark spots. There is great varia- 
tion in these markings, and they are intensified in some individuals and 
almost lacking in others. When the moth is at rest, the fore wings are 
slightly open, whereas in the cotton-worm moth they are closed in a 
roof-shaped manner. The moth flies normally about dusk, lays about 500 
eggs, and is. not a fruit feeder like the cotton- worm moth. During the 
day they hide in cowpeas and in clover, when these grow near the cot- 
ton field, and fly low with a quick darting motion when disturbed. 
About sunset they begin to feed upon the honey secreted by the cow- 
pea and blossoms of clover, as well as upon the nectar of the cotton 
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plant and other honey-secreting plants. Mr. Mally speaks of seeing 
the moths eating at 3 o'clock in the afternoon, and Mr. Mullen states 
that he has noticed them feeding freely during all hours except the 
early morning hours, and during 1892 noted them particularly deposit- 
ing their eggs in broad daylight. 

Number of generations, — The average time occupied by the insect in 
its transformations from ^gg to the adult is about thirty -eight days. 
The number of annual generations is about five. In the cotton-growing 
States the worms of the first three generations feed usually in the corn 
fields. In fact, in choice of food plants, cotton seems to be secondary 
to corn. They feed upon corn by preference until this becomes too hard 
to be readily eaten. The worms of the first generation make their 
appearance the latter part of April or early in May, and feed almost 
exclusively upon the leaves and terminal buds of corn. The second 
generation, aj^pearing in early June, feed upon the tassels and forming 
ears of corn, while the third appears in July and feeds upon the hard- 
ening corn. When the fourth generation appears, the corn has become 
too hard for appropriate food and the moths, therefore, fly to neighbor- 
ing cotton, which carries at that time plenty of tender young bolls. A 
few worms will have been found upon cotton before this time and will 
have fed upon the leaves and flower buds only in the absence of bolls. 
Others will have been found upon tomatoes, if these are grown upon 
the plantation, while still others have been feeding upon cowpeas. As 
a general thing bollworms are seen in force upon cotton about the first 
of August, and usually these individuals belong to the fourth genera- 
tion. The fifth generation makes its appearance about the middle of 
September, and about the middle of October, or even earlier, the cater- 
pillars enter the ground for transformation to pupa3. 

Eihernation. — The bulk of the bollworms hibernate in the pupa state 
underground. In a warm fall the moths have been known to issue 
during the month of November, and IMr. Mally has shown that fre- 
quently a few moths hibernate. These hibernating moths appear and 
begin laying eggs much earlier than the moths which issue from over- 
wintered pupai. This results in something of a confusion of generations 
the following season, and at Shreveport, La., Mr. Mally found a series 
of small broods along with the more or less regular large ones, a sixth 
generation of worms appearing a little later in the fall and hibernating 
in the pupa state. In evidence of this fact he adduces the finding of 
young bollworms as late as November 20. Young and old worms may, 
in fact, be found simultaneously after the middle of May. Mr. Mally's 
observations, however, were founded upon two seasons' observations 
only, and this state of affairs may be exceptional, particularly as the 
winter of 1890-91, when he made his observations, was unusually mild 
in Louisiana and the spring earlier than usual. In Arkansas four and 
five generations are found in the northern and southern portions of the 
State, while in southern Texas six generations and a partial seventh 
seems to be the rule. The determination of the time of the appearance of 
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the several generations of moths for each differing locality is of very 
considerable importance, and can only be made by local observers. It 
is of importance in arranging for the trap-crop method of protecting 
cotton, which will be discussed under the head of remedies. 

NATURAL ENEMIES. 

The bollworm has by no means as many natural enemies as the cot- 
ton caterpillar. The latter insect feeds exposed upon the leaves, and is, 
therefore, subject to the attacks of predaceous and parasitic insects 
as well as birds. The bollworm, however, as a general thing, feedmg 
in the interior of the cotton boll, or ear of corn, or fruit of tomato, or 
pea or bean pod, is not readily found. In fact, although birds have 
been noticed to feed upon it, it was long considered to be absolutely 
free from true parasites. Eiley, however, bred a Tachina fly from the 
larva, and Hubbard reared the little egg parasite Trichogramma preti- 
osa from the bollworm eggs in Florida. The more recent investigations 
of Mally have resulted in finding four additional parasites. One of 
these is an egg parasite of the genus Telenomus. Another is a species 
of Limneria, while the other two are the common Eupleetrus comstoeJcii 
How. and Chalcis ovata Say, which are such abundant parasites of the 
cotton worm. The hairy or downy woodpeckers are frequent visitors 
of cornfields and have been seen to extract the worms from infested 
ears. 

REMEDIES. 

Lights for trapping moths. — This is one of the remedies which have 
been most often advised, and has been very extensively used in parts 
of the South, particularly in Texas. Schwarz, in 1879, found that a 
small trap lantern was extensively used by planters in the vicinity of 
Hearne, Tex., and was inclined to think that some good was accom- 
plished by its use. The same year a large tomato grower at Mandarin, 
Fla., built large fires in his fields, with the evident result of greatly les- 
sening the number of worms in his crop, which had the previous year 
been almost entirely destroyed by them. In view of these facts, Mally, 
during his two summers' investigations, made extensive experiments 
with trap lights for the moths. He has carefully tabulated all the 
insects which were captured in this way.^ A few bollworm moths were 
caught, but these apparently by accident, and a thoroughly unpreju- 
diced conclusion from his experiments must be that the use of lights 
for attracting and trapping bollworm moths is without beneficial result. 
The other insects caught by the light were found to be about evenly 
divided between those which are beneficial and those considered inju- 
rious; but most of the insects called injurious are of no especial 
economic importance in the cotton region and should be omitted from 
consideration in forming conclusions. The use of lights, from a cotton- 
growing standpoint, is really a disadvantage, and money expended in 
this practice is without doubt entirely lost. 



1 U. S. Dept. Agr., Div. of Ent.Bul.29. 
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Poisoned sweets, — Together with the use of huiterus for attracting the 
moths, poisoned sweets have been recommended for many years. The 
first experiment of this kind- of which we are aware was made by B. A. 
Sorsby, and is recorded in the Annual Report of this Department for 
1855. lie used vinegar and molasses in plates set upon small stakes 
in the cotton field, and his statement was that he captured from 18 to 
35 moths to each plate for several days. Mally also experimented in 
this direction and fcmnd that a modification of this remedy is more 
or less effective. IJe advises the planting of a few rows of cowpeas as 
a trap bordering the cotton fields. They should be planted so late as 
not to reach the height of blooming before the destructive August 
brood appears. A portion of the row should be si)rayed over every 
night with a mixture of 4 ounces of beer to 2 ounces of potassium 
cyanid solution. The moths will be attracted by this mixture and will 
be destroyed by it. The mixture dries readily and hence if applied in 
the afternoon will not result in the destruction of any day-flying bene- 
ficial insects. 

Poisoning the icorms, — The careful study which has been made of the 
natural history of the bollworm, particularly that by Dr. William Tre- 
lease, in Alabama, in 1880, shows that where arsenical poisons are 
applied for the so-called third brood of the cotton worm, about August 
1, inany bollworms are destroyed. It is about this time that many 
young worms are hatching from the eggs and feeding for a longer 
or shorter space of time on the leaves before entering the bolls. It 
was, therefore, thought at the time when Gomstock's report on cotton 
insects was written that the poisoning for the cotton worm, which was 
so strongly recommended and which was so necessary under the con- 
ditions governing at that i^eriod, would largely reduce boll worm injury. 
In fact, as we have shown in our opening paragraph, the boUworm 
itself at that time was by no means such a factor in cotton growing as 
it is at the present time. With the great reduction of damage done by 
the cotton worm and the great increase of that done by the boUworm, 
however, poisoning for the cotton worm has become comparatively rare, 
and on account not only of the greater abundance of bollworms, but 
also of the consequent greater confusion of generations of this insect, 
and the fact that not more than half at the outside could be destroyed 
by poisoning at any one given time, this method has largely lost its 
former value as a bollworm remedy. Still, in seasons of great boll- 
worm abundance, and where early trap-crop methods have been neg- 
lected, poisoning, as recommended in an earlier paragraph, under the 
head of ^*The cotton caterpillar," will result in saving at least a i)art 
of the crop. 

Trap crops, — In the intelligent handling of trap crops the cotton 
planter will And by far the most efficacious preventive of bollworm 
danjage. This suggestion is an old one. It was proposed by Sorsby 
in 1855, by E. Sanderson in 1858, and by Peyton King in 1859. It was 
recommended by Oomstock after careful preliminary observations by 
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Trelease in 1879, aud Eiley in 1885 gives it at least equal rank as a 
remedy with poisoning. The complete development of the trap-crop 
system, however, rests upon the studies and recommendations made by 
Mally;^ and S. B, Mullen,^ of Harrisville, Miss., has written in a most 
practical manner relative to corn. Mally's recommendations are, in 
brief, when planting cotton leave vacant strips of 5 rows for every 25 of 
cotton. In these 5 rows, at the earliest possible time, plant 1 row with 
an early maturing sweet corn. It should not be drilled in too thickly, 
as a minimum number of plants and ears is desired. During the silk- 
ing i^eriod frequent careful examinations must be made as to the num- 
ber of bollworm eggs. As soon as no more fresh white eggs are found 
each morning, the silk ends of the corn should be cut away and burned 
or fed to stock in order to destroy the young worms and the eggs. A 
few eggs may also be found upon the leaves of the plants, and since no 
more growth is to be made the plants should be cut and destroyed. 
Then 3 more of the rows should be planted to dent corn at such a 
time as to bring the silking period ^tbout the 1st of July or a little 
later. I'^pon these rows very large numbers of eggs will be laid, but 
they should be allowed to mature in order that the natural enemies 
which parasitize the eggs and prey upon the larvae may not be destroyed. 
The crowded condition of the worms in the ears developed in these 
3 rows will induce cannibalism to such an extent that the number of 
worms reaching maturity will be reduced to the minimum, and these 
can well be allowed to escape if the natural enemies are saved thereby. 
To trap these escaping individuals, however, the fifth and last row of 
the vacant strips should be planted to sweet corn at a time which will 
allow it to reach full silk about August 1, since the majority of the 
moths begin issuing again about that time. This last row should be 
carefully watched, and the corn should be cut and destroyed as soon as 
it appears that no more eggs are being deposited. Mr. Mally found 
that the corn produced by the second planting is likely to be large 
enough in quantity to pay for expense of cultivation and the sacrifice 
made by cropping the 5 rows in corn instead of cotton. Moreover, he 
thinks that if the first two plantings are well managed a number of 
the earlier broods of the bollworm will be so reduced that the August 
brood will not be capable of inflicting great injury, and therefore in 
the less-infested regions the third planting may be dispensed with. He 
further found that it was not necessary to crop the entire plantation 
with this 5 to 25 rows of corn to cotton. If 5 acres be planted in this 
way for every 50 acres of cotton, or even 5 acres of trap alternate for 
75 or 100 acres, the crop of the entire plantation may be protected. 
The accompanying diagram (page 340) of a field of 1,050 acres will 
illustrate the proposed system. 



U'or the full details of Mally's experiments, see U. S. Degt.W^gr., Div. of Ent. 
Bill. 29. 
^Insect Life, Vol. V, p]). 240-243. 
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INSECTS WHICH AFFECT THE COTTON PLANT. 



THE MEXIOAH COTTON-BOLL WEEVIL. 



From the preaeut outlook the moat imiKirtaiit of the insects whicli 
damage the cotton boll, next to tlie boUwonn itself, is tlie cotton-boll 
weevil {Antkonomus grandia Bob,). 



This insect is a small, grayish weevil, of the shape and general 
appearance sliown in flg. IS, «, and measuring a little less than a quar- 
ter of an inch in length. It is found in the cotton fields throughont 
the season, puncturing aud laying its egga in the squares and bolls. 
The larvie, of the shape and appearance shown at flg. 18, c, and measur- 
ing a little over three-eighths of an inch m length when full grown, 
live within the buds and bolls and feed upon their interior snlistanee. 
The squares attacked usnally drop, but moat of the damaged bolls 

remain upon thi^ . __, . , 

plant and beconii' ' tl ^^ 

Btnnted or dwarfed, ■ \"y" « / ^ (£^-- 

except late in the ■^/''^■^v/^ /^\ V^^'^" 

season, when they • ' i ? *- -^ ■ 

either dry or rot. 




Tlie insect through 
its ravages caused 
the abandonment of 
cotton culture 
arouud Monclova, 
Mexico, about 18Cl'. 

Two or three years '' ' ■' ' '■""'' ■■"'■•'■-'■i '""■" i"-"! i-""' 

ago cotton was again jdaulcd in ihat vicimlj, but the wi'hvjI immedi- 
ately reapi)eared aud destroyed the crop. At Matamoras tlie weevil was 
noticed eight or ten years ago. About 1893 it crossed the Kio Grande at 
Brownsville, Tex., and in 1894 was noticed in the country around San 
Diego, Alice, and Beeville. At the close of the season of 1894 the insect 
occupied a territory extending to the uortb a little beyond Beeville, a 
few miles to the east of that point, and southwest to the neighborhood 
of Gealitos, on the National Mexican Eailway. The greatest damage 
seems to have been done along the lower Nueces River. During 1S'.*5, 
and particularly in the latter part of the season, it extended its range 
to a considerable extent. Toward the east it was found in moderate 
abundance along the valley of the Guadaloupe River at Victoria, 
Thomaston, and Ciiero. North of its old range it extended to Kenedy, 
Floresville, and many points in the country lying between the latter 
■place and Cuero. A single field was found near San Antonio which 
contained weevils in large numbers, and in the same way a single field 



336 THE COTTON PLANT. 

was found far to tlie east, at Wharton, in which the weevils had 
appeared late in the season. The exact localities where the insect was 
found during 1805 ure indicated on the accompanying map. 




The insect passes the winter in the weevil state. It can be found on 
the cotton plant until lute in December, and, in fact, as long as any 
portion of tite plant is green. It is found most abundantly in the early 
winter hidden between the involucre and the boll, and later it ftequently 
works its way down into the dry and open bolls. All the si>ccimen8 
found by Mr. Schwarz in such situations in the late spring of 1895 were 
dead; but Mr. Townsend found a few living in March. The dry boll 
is probably not a frequently successful hibernating place. Judge S. G. 
Borden, of SLarpsburg, however, writing under date of January 27, 
1896, states that the weelvil at that time was being found nearly every 
day in the dry bolls; but this statement lacks the significance which it 
might otherwise have had as bearing on the question of hibernatioa ' 
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from the fact that do heavy frost had probably occurred np tit that time 
at Sharpaburg. 

With the cutting of the pluats, or with the totting or drying of the 
bolls as a result of frost, the adult weevils leave the i)laut and seek 
shelter uuder rubbish at the surface of the ground, i>r among weeds 
and trash !it the margin of the fields. Here tliey remain until the warm 
days of spring, when they fly to the first buds on such volunteer plants 
as may come up iu the neighborhood. They feed on these and lay their 
eggs on the early squares, and one or perhaps two generations are 
developeil in such situations, the number depending upon the character 
of the season aud the date of cotton planting. By the time the planted 
cotton has grown high enough to produce squares the weevils have 
become more nniuerous, and those which have developed from the gen- 
eratiou on vo!unti-er cotton attsick the plante<l cotton, aud through 
their punctures, either for feed- 
ingoregg laying, cause a whole- 
sale shedding of the young 
squares. It seems to be an 
almost iTivariable rule that a 
square in which a weevil has 
laid an egg drops to the ground 
as a result of the work of the 
larva; in the square on the 
ground the larva reaches full 
gi'owth, transforms to pupa, 
and issues eventually as a 
beetle, the time occupied in 
this round ap])roxi mating four 
weeks. Later, as Ihe bolls 
form, the weevils attack them 
also and lay their eggs in them, 
and the larvfe develop iu 
the interior just as with the 

squares. The bolU, however, do not drop. Figs. 20, «, aud 20, b, show 
the larva; in the scjuares, and fig. 20, e, shows a young boll cut open and 
the pupa ill its customary position. 

There is a constant succession of generations from early spring until 
frost, the weevils becoming constantly more numerous and the larvae 
and pupa) as well. A single female will occupy herself with egg laying 
for a considerable number of days, so that there arises by July an inex- 
tricable confusion of generations, and the insect may be found in the 
field in all stages at the same time. Tlie bolls, as we havejnst stated, 
do not drop as do the squares, but gradually become discolored, usually 
on one side only, aud by the time the larva becomes full grown generally 
crack open at the tip. While iu a square one usually finds but a sin- 
gle larva, iu a fnll grown boll as ninny a-s twelve have been found. In 
1993— No. ;« '2-J 
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arly full-g™ 
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any case, however, the lintchiiig of a single larva in a boll results 
in the destrnction of tlie boll to such an extent that its fiber is uHelesB. 
Where no serious frost occurs in December, the insects all, or nearly 
all, reach maturity and enter hibernating qnarters, although larvie have 
been found even in January at Sliarpsbuig. Whenever a heavy frost 
conies in this month, or before, tbe observatiims bLow that tliose inserts 

which Lave not 
reached the bee- 
tle stage are 
nearly all killed. 
From this fact, 
it follows that 
the insect will 
probably not 
prove us inju- 
rious in other 
portions of the 
cotton belt as 
it is in sontb- 
eru Texas. 
It was found 

during tlie latter part of 1895 that the weevil was present in a number 
of localities in which it was not known by the jdanters tliemselvea to 
occur. It is important that every planter who lives in or near the 
region which we have mapped out should be able to discover the 
weevil as soon as it makes its appearance in his fields, Wliere a field 
is at all badly infested, the absence of bloom is au indication of the 
presence of the insect. In the early part of the 
season the weevils attack the squares first, and 
these wilt and drop off. A field may be in fnll 
blossom, and as soon as the inue(rt spreads well 
through it hardly a blossom will be seen. This 
dropping alone, however, is not a sufficient in- 
dication of the weevil's presence. Squares are 
shed from other causes, but if a sufflcient num- 
ber of fallen squares are cut opeii the cause will 
be apparent. The characteristic larva of the 
weevil will be quite readily recognizable on com- 
parison with the figures which we pubUsh here- 

As stated above, the bolls do not drop. The 
punctures made by the weevils in feeding, however, are comparatively 
characteristic, and where a boll is discolored and has begun to crack at 
the tip the larva or the pupa can be seen without trouble ou cutting it 
ojien. Late in the season the weevils themselves will be found between 
the involucre and the boll, as shown in fig. 22; or in their absence the 
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feeding marks and the yellow, granular excrement which collects in 
the involucre at the base of the boll are excellent indications. 

POPULAR NAMES. 

In south Texas, among Spanish-speaking people, the insect is gener- 
ally known as the *' picudo,-" a descriptive name which refers to the snout 
or beak of the insect. English speaking planters generally referred to 
the insect at first as ''the sharpshooter," a term which for many years 
has been applied to any insect which causes through its punctures the 
shedding of th^ squares or the rotting of the bolls. As there are sev- 
eral native insects that are commonly called sharpshooters and which, 
though injurious, are by no means to be compared with this insect, it 
becomes necessary to discourage in every way the use of the word sharp- 
shooter as applied to this weevil. The adoption of the term '^Mexican 
cotton-boll weeviP' for the new pest is recommended. The term sharp- 
shooter is now much less generally applied to the weevil than it was 
at first. Planters generally now refer to it as the boll weevil, or the 
Mexican weevil, or the Mexican boll weevil. 

PARASITES AND NATURAL ENEMIES. 

It is safe to say that little assistance will be derived from the work 
of natural enemies and parasites upon this insect. Of the former none 
of any importance have been found. Several parasites, however, have 
been found to attack it, and in one or two localities some little good 
has resulted from their work. They have only been abundant, how- 
ever, late in the season, after the weevil has completed its damage for 
the year, arid at a time when a minimum of good can be accomplished 
by the destruction of the larva. The majority of the weevils in a given 
field fail to hibernate successfully, being killed by cold weather or some 
other cause, so that the work of parasites at this time does not count. 
Careful estimates, however, show that from 15 to 20 per cent of the 
weevil larvae in fallen squares in November at Beeville and Kenedy 
were destroyed by parasites. There is a bare possibility that in the 
original home of the weevil (south Mexico and some Central American 
States, as well as certain of the West Indies) more efficacious parasites 
could be found, but this possibility is hardly sufficiently strong to war- 
rant the expense of a search expedition. 

REMEDIES. 

In considering the matter of remedies we must start with the state- 
ment that experience has shown that none of the general applications 
of insecticides will be of the slightest value against this species. There 
are measures, however, which cotton planters may adopt, and which, if 
carried out generally at the right time, will postpone the appearance of 
the insect in injurious numbers for one or two generations, even if 
they will not prevent an undue multiplication of the species. These 
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measures are directed against the overwintered weevils and the larvae of 
the first generation, since where the insect has once become numerous 
nothing can be done to save the crop from practical destruction. 

We have noticed that the weevils first appear in spring among clus- 
ters of young sijuares on the most advanced cotton plants. This sug- 
gests the possibility of trapping these earliest beetles by means of a 
very few cotton plants especially grown for this purpose. These plants 
must be grown at convenient points, must be protected from frost, and 
forced by watering, so that they will branch out and acquire buds even 
in advance of the volunteer cotton. The weevils, which issue from 
hibernating quarters on the first warm days, will be attracted to these 
plants at once, and can be easily collected and killed, if the plants are 
examined daily until the cottcm in the fields has become of some size. 
It is not likely that this plan willappeal to the average cotton planter, 
but we are convinced that much good can be done by its general 
adoption. 

The fact that the spring generation develops only upon volunteer 
cotton has suggested the possibility that the insect will not spread 
beyond the region where volunteer cotton will grow in spring, but 
unfortunately this possibility is by no means absolutely to be relied 
upon. Nevertheless, the destruction of such volunteer plants as come 
up in cornfields and in abandoned fields which the previous year were 
planted to cotton can not be too strongly recommended, for it is a 
matter of observation that the shade afforded by the corn or the rank- 
growing weeds which come up in abandoned fields is especially favor- 
able to the development of the weevils. 

While the plants are young, and where labor is as cheap as it is in 
south Texas, a great deal of good can be accomplished by picking and 
burning the fallen squares, and if this is done promptly a large number 
of the insects will be destroyed. It should be done at least twice, at 
intervals of three weeks, during the period while the plants are small. 
As soon as the plants begin to branch out, however, this method becomes 
impracticable, on account of the difl&culty of finding the squares on the 
ground. 

The idea of picking the affected bolls during the cotton picking was 
suggested in the writer's first published account of this insect. It was 
thought that the affected bolls could be so readily recognized that many 
thousands of the insects could be destroyed by the cotton pickers by 
picking these affected bolls and carrying them away in a separate 
receptacle to be burned. The amount of extra labor involved in this 
operation, however, would be very considerable, and the affected bolls 
in many instances are not to be recognized at a glance. 

These measures, aside from the last one, together with early i)lan ting 
and (ilean cultivation, comprise all that can be done to save the crop of 
the season in which remedial work is begun. Where, however, these 
simple measures have been neglected, or where, in spite of their adoption, 
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the weevils are injuriously abundant in the early fall, a more or less 
efficient method of reducing the numbers of the insects and preventing 
such great damage the ensuing year is at hand. In general, a good 
first crop maybe gathered in spite of the weevils. The numbers of the 
insects in the affected region are small during the early part of the year. 
Our three years' experience shows that they become destructively 
abundant in the month of September and that it is after this date that 
a general spread takes place. Under favorable conditions and in the 
localities most badly affected the top crop is sure to be destroyed. This 
prospective loss will become evident in September from the absence of 
bloom. The prospect of any further picking of cotton being thus 
rendered so extremely small, a suggestion is obtained as to wliat is 
perhaps, after all, the most practical way of reducing the numbers of 
the weevils and securing approximate immunity for the succeeding 
summer, and that is the cutting down and burning of the plants at a 
time when it becomes evident that the cotton yet to be gathered will 
be very small in quantity. In many localities this could be done to 
very great advantajje as early as the beginning of October, and several 
large growers of cotton have undertaken this means. The success of 
this measure will naturally depend upon uniformity of action among the 
planters of a given region, and the difficulty of securing this uniformity 
is the main argument to be used against it. Only about half the cotton 
in Duval County, for example, seems to be grown by the proprietors of 
the land; the remainder is grown by renters, who will be not at all dis- 
posed to cut down their plants so long as a chance remains of picking 
a handful of cotton. In this way the plants in many fields will doubt- 
less be left standing until toward the end of December. 

Could anything like uniformity be secured, either by legislation or 
otherwise, it is in this fall destruction of the cotton that our best hope 
lies at the present outlook; and in this connection the further sugges- 
tion should be made that not all the plants in any given field should 
be destroyed in this way. All the insects which are in the larval and 
pupal condition will be destroyed when the cotton is burned, but those 
which may be in the beetle stage will, by flight, escape alive. If, there- 
fore, a certain number of the plants are left standing in every field, 
these plants will attract the remaining beetles, which will settle upon 
them, so that they may readily be collected day after day and destroyed. 
If the plants are all cut down and burned, the beetles will spread far 
and wide; but if a few are left standing in this way, the weevils will 
concentrate upon them in such a way that they can be easily handled. 
Where there is obviously a certain amount of cotton still to be gath- 
ered after the early part of October, it may be an object to postpone 
this cutting down and burning of the plants. We have found that the 
weevil continues to breed and may be found in the bolls in all stages 
up to the time of the first frost. The cutting and burning will then 
accomplish a considerable amount of good, even if done during Novem- 
ber, although October would be far better. 
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From the present outlook, therefore, the best hope which the cotton 
planters in the affected region will have for the future will be in follow- 
ing this last-described method every autumn, and the more thoroughly 
and uniformly (and, in fact, the earlier) this is done in any given 
locality the greater will be the chance for a good crop the following 
year. Unfortunately, after talking with many cotton planters in this 
I'egion, we are by no means sure that the plan will be at all generally 
followed, for the reasons suggested above ; and as the prospects of these 
planters themselves, as well as the owners of cotton plantations in 
adjoining regions as yet uninfested, will depend almost entirely on the 
general adoption of this plan or some better one which may yet be dis- 
covered, it becomes necessary to look forward to the enforcement of 
remedial work by legislation. 

It will be greatly to the interest of all growers of cotton in the prolific 
district lying to the northeast of the region at present infested. to urge 
the passage of an act by the legislature which will bring about the 
enforcement of remedial work. This act should provide for the appoint- 
ment of commissioners in each county upon the application of a certain 
number of the citizens of that county. These commissioners should 
be empowered to enforce remedial work, to levy penalties, or to have 
the work done by their own agents, the cost to be assessed upon the 
property. It will be well to let this law have a wide bearing, and not 
to confine its application to this particular insect, but cover all injuri- 
ous insects, in case of future emergencies of a similar nature. Such a 
law should be passed in every State in the Union. Though it might 
remain inoperative for years, its application would be available in case 
of any sudden emergency, such as the introduction from a foreign 
country of a new injurious insect or the sudden multiplication and 
spread of any one of our native species. 

SUMMARY OF REMEDIKS. 

(1) Trapping overwintered beetles by means of a few early planted 
cotton plants. 

(2) Destruction of volunteer plants in cornfields or abandoned fields. 

(3) Picking fallen squares as fast as practicable, from the time the 
squares are formed on the plant. 

(4) Cutting and burning the cotton stalks as early in the fall as prac- 
ticable, and, if possible, i)lowing the cotton fields at the same time. 

(5) Trapping the last weevils in the field by means of a few plants 
left standing. 

There can be no doubt that this insect may become the most serious 
enemy to the cotton plant with which cotton growers in this country 
have had to contend, and every effort should be made to prevent its 
further spread. The writer believes that this can be accomplished, if, 
by concerted actionof the planters, the recommendations just made are 
carried out throughout the infested region. 
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OTHER COTTON INSECTS. 

The reports of tlie Entomological Commission and the report by 
Comstock, published by this Department in 1879, treated only inci- 
dentally of the other insects which affect the cotton plant. The main 
endeavor in the large investigation was to cover the ground of the cot- 
ton worm; even the bollworm was considered as of minor importance. 
In fact, the only consideration given to the subject of the other insect 
enemies of this crop has been the description of a few species by 
Glover in several of the earlier reports of this Department, and in his 
copper-engraved folio entitled '^ Cotton insects." The writer has com- 
piled a list of the insects found in cotton fields and which are men- 
tioned in the reports of Glover, in the bulletins and special reports of 
the Division of Entomology, in Bulletin 3 and the Fourth Keport of 
the Entomological Commission, together with those mentioned in the 
notebooks of the Division of Entomology and of the United States 
Entomological Commission, and has added to this list the species men- 
tioned in the monthly reports of the statistical division of this Dei)art- 
ment, those collected by Ashmead in Mississippi in the summer of 
1893,' those collected by Barnard in Louisiana in 1879-80, and those 
collected by Mally in Mississippi and Louisiana in 1890-91, together 
with a few collected by Banks in Louisiana in 1891. 

The list as a whole comprises about 465 species. A small proportion 
of these, however, can be considered as injurious to the cotton plant, 
and still smaller numbers have attracted the attention of cotton 
planters through their injuries to the crop. Many of them are para- 
sitic or predaceous upon species which damage the plant to a greater or 
less extent, while many others are accidental visitors to the cotton fields, 
and might have been collected as readily in fields of corn or cowpeas in 
the same general locality. Some little consideration, however, may be 
given here to certain species which occasionally accomplish considerable 
damage. 

CUTWORMS. 

The first insect which attacks the young cotton plant in the spring is 
liable to be a cutworm. Soon after the young plants come up, and often 
after they are fairly well grown, they are liable to be cut off at the sur- 
face of the ground by one of these caterpillars, all of which have the 
habit of hiding beneath the surface of the ground by day and coming 
out to work at night. The work of these insects in general was fre- 
quently mentioned by Glover, but the species were not determined. In 
Eiley's report as Entomologist to this Department for 1884, the subject 
of cutworms in cabbage fields received careful treatment, and the state- 
men t was incidentally made upon page 291 that the granulated cutworm 

' Certain of these have been mentioned by Ashmead in his articles in Insect Life, 
Vol. VII. 
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(the larva of Feltia annexa TreitatLke) is probably the moBt common of 
the speciea collectively designated by Glover as the " cotton cutworm." 
This species is illustrated herewitli. A number of other specieB, how- 
ever, are undoubtedly concerned in this dainnge. The Iarva> of Feltia 
malejida, X'octua c-nigrum, Aprntis ypsilon, and Plusia rogationis have 
been found to have similar 
hiLbits. 

Since the discovery of the 
poisoned-trap system, there is 
no reiison why land should be 
allowed to be infested by ent- 
worms year after year. Dr. 
A, Oemler, of Wilmington 
Island, Georgia, the author of 
the excellent little book en- 
titled "Truck farming in the 
South," hiid been for some 
years in the habit of scatter- 
ing bunches iif grass through his fields, or placing here and there 
turnip or cabbage leaves, and collecting from time to time the cutworms 
which had gathered under them. At the suggestion of Professor Riley, 
in 1882 or 1883, he began poisoning these vegetable traps with paris 
green, which saved the trouble of examining them and killing the 
■worms by hand. The method proved 
perfectly satisfactory, and has since 
been extensively used in all parts 
of tlie country. An innovation waw 
later adopted by Prof. A. J. Cook, of 
Michigan, who poisoned a patch of 
grass with a broadcast sprayer, after- 
wards cutting the grass, loading it 
on a wagon, and pitching it with a 
fork ill little bunches here and there 
through the field. Any early vege- ^'°- 
tation may be used in this way, and 
extensive fields can be economically rid of the worms before most crops 
show themselves above ground. 



"While the cotton plant is yet young and tuudcr, the damage which 
plant lice do by gathering upon the young shoots and tender leaves; 
and curling and distorting them may be very considerable. The species 
engaged in this work is generally, if not always, Aphis gossypii Glovfir^ 
Heceut investigatioDR by Mr, Pergande, of this division, have showa- 
that this insect is identical with the species which occurs commonly 
through the South, and the iNorth, too, for that matter, upon melons 
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and cucumbers, and which was described by Ashmead as Aphis citrulUj 
and by Prof. S. A. Forbes as Aphis cticumeris. It has very many food 
plants, as has been shown by Pergande, and remedial work, except 
upon the crop which it is proposed to protect, is practically out of the 
question. In other words, there is no single alternate peiennial food 
plant, as in the case of the hop aphis, upon which the insect may be 
destroyed during the earlier or later portion of the year. As the cotton 
plant grows larger and stronger, the work of the cotton aphis becomes 
of no importance, partly through the hardier condition of the plant, but 
also through the fact that the many 'natural enemies of the lice increase 
to such numbers as nearly to annihilate them. There will seldom be, 
therefore, any necessity for the application of remedies 5 and, indeed, 
as nothing can be done except to spray with a dilute kerosene-soap 
emulsion or a resin wash, it is a question whether it will not pay the 
cotton grower much better to replant the damaged spots. 

LEAF-FEEDING CATERPILLARS. 

There are many Lepidopterous larvae which feed upon the leaves of 
the cotton plant; few of them, however, are confined to the cotton plant 
for food. One of the species most commonly noticed, Cacceda rosaceana^ 
is known from its work as the leaf roller — a title under which another 
species, Dichelia sulphureana, may also be included. Both species are 
general feeders and are found in various parts of the country, the for- 
mer upon apple, rose, peach, cherry, birch, clover, honeysuckle, beans^ 
strawberries, and other plants, and the latter upon clover and grass. 
The larvae of the former, in addition to folding the leaves of cotton and 
feeding within the roll, sometimes bore into the young bolls (Mally), 
but this method of damage is rare. 

Several of the larger Bombycids also feed in the larval state upon cot- 
ton. Among these we may mention the large royal horned caterpillar, 
atheroma regalis, sometimes known as the "Hickory Horned Devil,'' 
a very large, green caterpillar with long lecurved red horns; the large 
green, somewhat hairy larva of the imperial moth (Eacles imperialis)'^ 
and the large spiny larva of Ecpantheria scribonia, as well as the yel- 
low-green stinging caterpillar of the lo moth, Hyperchiria io, and the 
"woolly bear" caterpillars oi Leucarctia acrcea^ Spilosoma virginiccij and 
Arctia phyUira, The last-named species seems to possess greater capa- 
bilities for damage than any of the others, and H. E. Weed has reported 
a case in which several acres were entirely defoliated by it about the 
middle of June, in Mississippi.^ 

Two bagworms are also occasionally found feeding upon cotton 
leaves, constructing their cases from fragments of the leaves sewed 
together with silk. These are the common bagworm of the North, 
Thyridopteryx cphemerceformis^ and Abbot's bagworm, a southern 
species (Oiketicus abbotii), 

insect Life, Vol. V, p. 111. 
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Late in the fall tlie common grass worm, or fall army worm (lanva of 
Laphygvia frugiperda), ranges through the cotton fields, feeding upon 
volunteer grass, and occasionally ragging the leaves of the cotton 
plant. Two allied native species, viz, Frodenia commeUnw and P. flavi- 
media, also occasionally feed upon cotton leaves. 

The larva of the handsome little butterfly known as Thecla pceas 
feeds upon the leaves and occasionally bores into the bolls. 

The larvie of Acronycta ohJinita and Anisota senaioria have also been 
found by Mally engaged in this work. 

In a limited section of the couirtry, namely, in portions of Texas and 
the Indian Territory, the so called garden webworni, Pyransta rantalisj 
occasionally does some damage to the cotton crop, as it did in 1885. 
Feeding principally upon corn, its injury to cotton is incidental, yet it 
may, in the early part of the season particularly, do some little damage 
to this crop. Its preference for corn is noticed mainly when fields over- 
run with pigweed and careless weed {Amarantus spp.) are broken up 
for planting, and, in fact, these weeds seem to be its natural food. It 

will probably never do serious 
damage to cultivated crops, except 
where these weeds have been al- 
lowed to run wild for a. season or 
so and are then i)l()wed under and 
the land planted to some useful 
crop. The small green caterpil- 
lars feed upon the leaves, conceal- 
ing themselves between them 
during the day and skeletonizing 
them at night. 
The remedy for any or all of these 
leaf- feeding caterpillars, whenever one of them occasionally becomes so 
abundant as to threaten damage, as happened with the Arctia phyllira 
above mentioned, will be to spray with paris green, or dust it on dry, 
as for the cotton caterpillar. 

OTHER INSECTS WHICH DAMAGE THE LEAVES. 

Among the other insects which Injure the foliage of the cotton plant, 
grasshoppers are the most prominent. Several species have this habit, 
and the list of cotton insects contains the names of fourteen which are 
found upon the plant. Here also the damage to cotton seems incidental ; 
they feed by preferevice upon grass. The species which ordinarily 
cause the greatest alarm among cotton planters are the large American 
locust (tSchistocerca americana) and the lubber grasshopper {Brachystola 
magna). The paris green treatment will again be effective here, but 
when grasshoppers occur in considerable numbers, attracting them to 
patches of a mash made of sweetened bran and arsenic will prevent 
leaf feeding to a great extent. 

Many leaf hoppers and several leaf-feeding beetles have been found 




Fig. 25. — Pyrausta rantalis: a, larva, enlarged; 6, 
side view of abdominal segment of same ; c, dor- 
sal view of anal Hcgment, still more enlarged; 
d, pupa; /, moth, enlarged (after Riley). 
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apon the cottoB plaut, but need not be particularly mentioned ,liere. 
In many portions of Texas tlio leaves are frequently cut off by the bo- 
(railed leaf-cutting ant, (Ecodoma fcrvenit. One of tlie few priictical 
remedies against tliia destructive insect, which damages fruit trees and 
other field crops as 
well as cotton, con- 
sists in tracing the 
ants to their neat 
(which is often au 
extremely difficult 
thing to do) and de- 
stroying them there 
by copious applica- 
tions of keioaonc ur 
bisulphid of carbon. 
Another nietliod, 
whichhasbeenpnic- 

ticed with some success by au iutelligent Texan, is to spread a line of 
cyaiiid of jrotassium iicross the well-defined path by whicli the ants 
leave their nest. This kdls very many, and deters the ants trom taking 
the direction of the particular path thus obstructed. 




Puncturing nf the tt.'i-miual portion of the stalk by plant bugs occa- 
sionally occurs, bnt is comparatively rai'e. There is but one borer iu 




adult leelle— all BUlargeil 



the stalks of cotton, and that is the long-horned beetle known as Ataxia 
crypta (fig, 27). It is occasionally mistaken for an enemy to the plant, 
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but investigation haa shown tbat it lays its eggs npon, and its larvae bore 
into, only sncb stalks as have been damaged by some otlier eaase, snch 
as rast. It foUuws injury to tlie plant, ttierefore, rather than causeB it. 



As ill the case of tlie stalk borer juKt nieiilioned, nnmeroaa species 
of insects are found in damaged bolls which are the re.sa]t, rather Chan 
the cause, of the damage. Several little >itidulid beetles are found in 
sm:b injured bolN, and a number of other inse<'ts have been sent to the 
Divisiun of Entomology of this Department from time to time with the 
statement that they threat- 
ened damage to the ci-op. 
Among these the larva of a 
little weevil, AriFOcerus/as- 
ciculatm, deserves especial 
mention for the reason that 
it BO closely resembles the 
larva of the Mexican cot- 
ton-boll weevil. In fact, the 
larvie of both species are 
found living in the same 
boll. Artcoceru»fiisciculatua 
is a cosmopolitan insect liv- 
ing in the pods of Tarious 
plants, among others in 
those of the eoll'ee plant in 
Brazil, but is never known 
to attack healthy plants. 
The perfetrt weevil is also 
among the various insects 
which iire mistaken by the 
planters for the Mexican 
cotton-boll weevil, but its 
very short and blunt beak 
shonhl at once distin^ish 
it from the latter species. Aside from the true bollworm, several of 
the caterpillars found upon the plant will occasionally gnaw the bolls, 
but this gnawing is in general incidental to their work npon the leaves. 
One of these is a leaf roller, the larva of Platynota sentana, which 
attacks the forms and squares, much like the young bollworm, after- 
wards feeding uimn the leaves, A congeneric species (PlaUjnota roa- 
trana) also bores into the young bolls. The reddish larva of a little 
Tineid moth belonging to a group mostly comjMsed of leaf miners, and 
known as Batrachedra rileyi, is often found in the young bolls, and is 
generally believed by planters to att independently of bollworm dam- 
age. This statement, however, has not yet been satisfactorily substan- 
tiated so far as it refers to the bolls. In the young squares, however, 
the active little reddish larva of this Batra<'hedra is very often found 
as unguestionably an original inh:ibitiiiit, and it undoubtedly frequently 




Flo, 28. -Bomaloditea aoffulata! a, idult femiHe bwd , 
Above i £, feamc. tide view ; r, vrnftlinn iif fore^'iDg 
lugcd. d.Anieaoit: r. Kctiot, nrUoA tibia. /, teau^t 
iUliD.tlillTn<treeIit>r|:<yl;i7, •erralioDsnrnvlpMitor. 
niiHe eninrgeii (from Iubboi LifB). 
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canses quite an exteosive shedding of the squares. This, however, 
occurs only in the spring, at a time whea there is a surplus of bloom 
and when many squares can be spared without great redaction of the 
crop. Later in the season the Batrachedra larva is found boring in the 
unopened flower heads of various weeds. 

There is a class of damage to the bolls which is known to planters 
as "sharpshooter work," which is mainly caused by the punctures of a 
leaf hopper known as Homalodisca coagulata.^ The insect is most abun- 
dant from the first of June on through the season. Prior to the first of 
June it seems to prefer the young growth and foliage of poplars and 
other trees which may grow in the immediate vicinity. Where sharp- 
shooter work is prevalent in the cotton field, year after year, and the 
trees which harbor the insects can be found in the early part of the 




season, a single application of kerosene emulsion to the lower parts of 
such trees or scrub growth miglit be made to advantage iti the month 
of May. 

An insect which at one time did very considerable damage to cotton 
bolls, particularly those which were far advanced or had JJurst, is the 
red bug or cotton stainer, Dysdercus suturellus. This insect was never 
prevalent except in Florida, Georgia, and neighboring portions of 
South Carolina and Alabama. It is probably a West Indiim species- 
Of late years, and more especially sine* cotton culture in Florida has 
given place to extensive orange culture, it has largely transferred its 
attention to the orange fruit.^ Earlier generations of this insect dam- 
aged the bolls by puncturing them and sucking the sap, causing them 
to become diminutive or abortive. Later, however, they entered open 
bolls, puncturing the seed and damaging the fiber by their yellowish 
excrement. These stains were indelible and greatly depreciated the 



t Life, Vol. V,pp. 150-15J. 



^ Insect Life, Vol. l,pvi.'iS4-*i41. 
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value of the cotton in the market. The indelibility and beautiful color 
of the stains at one time suggested the use of the insects in making dyes. 
Experiments showed that the entire substance of the insect could be 
converted into a rich orange-yellow dye, which could be readily fixed 
upon woolens or silks by the alum mordant liquor, and that an ochreous 
/yellow lake could be made from them by [uecipitatiug the coloring mat- 
ter with gelatinous alumina. There has been, however, no commercial 
adoption of the results of these experiments. 

The best remedy against this species is suggested by the fact that 
in winter it will collect in numbers on piles of cotton seed, which can 
then be used as traps and the insects destroyed by the application of 
hot water. 



THE HANDLING AND USES OF COTTON. 

By Harry Hammond. 
STALKS. 

The stubble left on an average acre after the cotton has been picked 
weighs about 850 pounds, and where a bale to the acre is made more 
than three times that much. The leaves, however, will have been 
killed by frost before the picking season closes, and will have fallen 
from the stalks, so that 200 pounds must be deducted on this account- 
Many of the pods or capsules which held the cotton will also have been 
broken off and scattered. The stalks, roots, and capsules standing on 
an acre that produces one-third of a bale will be GOO jjounds. Where 
the cultivated land is fenced, it is the practice to turn the stock in to 
pasture on this stubble. They strip off the limbs and pods, so that by 
the first of February there is nothing left standing but the bare stalks, 
wliich have been rendered hard and brittle by the cold. Cattle feed 
with avidity on cotton in all stages of its growth, and until the weather 
has left the dead stalks dry and unpalatable. The composition of the 
stalks as a feeding stuff* maybe stated as follows: Water, 10 per cent; 
ash, 5.23; protein, 9.54; cellulose, 40.77; nitrogen free extract, 32.63, 
and fat, 1.83. This places it as a feeding stuff in the group of coarse, 
dry fodders, such as cornshucks, corn stover, and rye, oat, and wheat 
straw. If gathered early and chopped up, it would grade with cotton- 
seed hulls, having more protein but less fat. 

Other uses have been proposed for the stubble. A process for decor- 
ticating the stalks and roots and extracting fiber from them has been 
patented. The decorticating machine, consisting of two grooved-iron 
rollers, rotating in a peculiar way above a trough containing water, 
is worked in the cotton field, where the stalks may be fed to it with- 
out the cost of transporting this bulky material. The bark is separated 
and delivered by itself, and the remainder of the stalk is ground into a 
coarse-grained pulp. Five tons of stalks yield 1 ton of bark, which 
is either baled or carried in bulk to the machine for extracting the 
fiber. A ton of bark gives 1,500 pounds of fiber, which is extracted 
at a cost of IJ cents per pound in the actual experiments. With more 
complete arrangements this cost would be very greatly reduced. The 
fiber has been made into bagging for cotton bales, pronounced by 
dealers in that article to be of first quality. It might also T^e utilized 
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in the manufacture of carpets, rags, etc.^ An important point to be 
determined is whether the residue, after the bark is removed, can be 
used as stock feed. If fed as it comes from the decorticator, it would 
seem well adapted, by the admixture of cotton-seed meal, for this pur- 
pose; but it is not known whether the water used in the process will 
prevent it from being stored for future use. If it could be so used, 
then every bale of cotton would yield in the stubble a by-prodnct of 
1,440 pounds of coarse fodder and 270 pounds of fiber, suf&cient to 
cover 20 bales of cotton. 

SEED COTTON. 
STORAGE. 

After cotton was picked it was the custom in earlier days to store it 
for a longer or shorter time in houses built for this purpose in the 
fields. These cotton houses are no longer to be seen, except some 
small ones with a capacity of 2 to 3 bales of seed cotton, in the fields 
allotted to small tenants and croppers in the Western States. These 
honses had replaced the pens in which cotton was once kei)t exposed to 
the weather until time could be spared to move it to the gin. Except 
occasionally in Texas, cotton is no longer left in the field after being 
picked; there the very dry seasons render such exposure less iujurions 
than it would be elsewhere. But even there cotton will more frequently 
be found stored in a covered wagon in the field until the wagon is filled 
and ready to be carried to the gin. Outside of the damage that would 
result from the greater rainfall, this practice could not be followed in 
the eastern portion of the cotton belt, on account of the stealing which 
would occur if cotton were left exposed in this manner. So great has 
this evil been at times that several States have found it necessary to 
prohibit the sale and purchase of seed cotton, or to restrict it to the 
hours between sunrise and sunset, to prevent its being done under the 
cover of night. By storing the green cotton in bulk a slight heating 
was produced, which caused the oil contained in the seed to impart a 
creamy glossiness to the fiber. This heating, carried to a certain point, 
seems to develop the oil in the seed, and oil-mill men find that they can 
obtain more oil from seed so treated. Platforms called arbors were 
once built, on which the cotton was spread out in the sun to absorb this 
oil and to dry, and it was not considered ripe for the gin until the seed 
would crack and not mash between the teeth. Hands were employed 
to pick it over and free it from the parts of leaves, stems, bolls, and 
stained locks left in it by the pickers. Except in the case of high- 
priced Sea Island cotton, all this has been abandoned as insufficiently 
remunerative. The large piles of bolls and fragments of stalks to be 
observed at the western oil mills that are taken from the seed in cleaning 



»The preparation of cotton-stalk fiber, however, has not thns far proved practi- 
caHy successful, owing largely, if not entirely, to the difficulty of devising a machine 
that wiU satisfactorily work up the rough, irregular material. SeeU. S. Dept. Agr., 
Office of Fiber Investigations Rpt. 6, p. 17. 
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them testify to the careless picking and rough handling of the seed 
cotton. This does not, however, seem to diminish in any degree the 
value placed upon the lint, for, as a rule, the western staple is graded 
high. The moisture in the seed of the first pickings is much com- 
plained of by the manufacturers of oil, as its drying out causes a con- 
siderable shrinkage in weight. A similar objection does not apply to 
the lint. The draft of air from the gin dries it so completely that the 
subsequent loss in weight is very small. The cotton grower sometimes 
finds that he does not recover in the seed and lint that comes from the 
gin the original weight of his seed cotton by as much as 10 per cent. 
In other words, 1,500 pounds of seed cotton, when green, is known to 
have lost something over 150 pounds in being ginned. Some of this 
loss may be due to the impalpable dust that was blown off, but the bulk 
of it is caused by the moisture in the lint that is. dried out by the blast 
from the gin. It is claimed by cotton buyers thiat there should be a 
concession in price on account of loss of weight from drying out in cot- 
ton offered for sale early in the season. The fact above stated would 
show that there was little ground for this demand. As further evidence 
of the slight loss occasioned by drying out, it may be mentioned that 
7 bales of cotton, weighing at the ginhouse 3,781 pounds, weighed 3,741 
])Ounds after nineteen months' storage. The loss, therefore, was less 
than 1 per cent, or less than one-third of a pound per month, notwith- 
standing that samples had been repeatedly drawn from them. Practi- 
cally this amounts to no loss, and ginned cotton under ordinary 
circumstances is one of the least perishable crops. The allowance 
made in the guaranty of weights by the New York Cotton Exchange 
may be considered ample. It is half a pound to the bale a month for 
twelve months. 

Of late years the effort has been to carry the cotton to the gin as 
rapidly as possible, and to put it on the market with the least delay. 
The rate at which the crop is ginned and brought into sight will be 
seen from the following table. ^ 

Average percentage of the cotton crop hronght in sight at the end of different quarters of 

the cotton year. 



Period. 


First 

quarter, 

Sept. 1 to 

Dec. 1. 


Second 
quarter, 
Dec. 1 to 

Mar. 1. 


Third 
quarrer. 
Mar. 1 to 

June 1. 


1881-1883 


Per cent. 
45.7 
52.9 
52.9 
51.6 


Per cent. 
85.1 
90.6 
90.3 
87.9 


Per cent. 
97.1 


1884-1886 


98.1 


1885-1888 


97.1 


1889-1891 


97.9 







The rapidity of the movement of the crop would be more marked if 
figures for an earlier date were accessible, especially if they dated 
back to the time when transportation by wagons was the main reliance. 



' Condensed from U. S. Senate Report No. 986. 

1993— :N^o. 33 23 
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As it is, the increase in production in recent years has gained some- 
what on the growth, great as it has been, of railroads, and the larger 
crops come somewhat more slowly into sight on this account. By far 
the larger part of the crop, however, has passed from the ginnery by 
the last of December, and an enumeration of the work done at that 
date would give a very complete basis for an estimate of the crop. 

GINNING. 

The handling of cotton in the field and thence to the gin was formerly 
neater than it is now and the ginning also was in several regards better 
done. The different pickings were ginned separately, each picking on 
the large plantations being sufficient to make a run for the gins, and 
the different grades of cotton were thus kept distinct. The subdivi- 
sion of farms has changed this, and led to conditions not very dis- 
similar to those described by Dr. Watson Forbes in his report on gins 
in India. He says : 

The smallness of the farms in India, as compared with the American cotton plan- 
tations, is at the root of the evil. In India there are few ryots (and the number of 
cotton growers in the cotton belt of this class have grown and are rapidly growing 
much fewer) who can produce at one picking as much even as one bale of cotton, each 
bale being made up of cotton produced by several ryots. It is clear that under such 
circumstances the diflS<5ulty of producing cotton of uniform quality must be immensely 
increased. 

As a consequence, says Forbes, "the loss occasioned by cleaning the 
impurities from India cotton was four times as great as from American 
uplands." 

In the old ginhouse the lint was blown from the gin into a spacious 
lint room, where another separation took place, tlie dust-laden, and 
consequently heavier, lint falling nearest to the gin, while the cleaner 
and lighter flocks were thrown to the farther side. The distinction 
between these piles was carefully observed in baling the cotton. 

The devices for separating the lint from the seed are of two classes. 
The first class is known as roller gins, the other as saw gins. The 
roller gin is the most ancient. It was used from the earliest times by 
the Hindoos. In its simplest form it consists of a flat stone, on which 
the seed cotton was placed, and a wooden roller, moved by the foot, was 
employed to press the seed out. To this day two small rollers, a foot 
long, one of wood and the other of iron, geared to move in opposite 
directions and turned by hand, are used in India to separate the seed 
from the fiber. The task is 5 pounds of clean cotton a day, and the 
woman who performs it receives a daily wage of 5 cents. In Sicily, also, 
two grooved wooden cylinders, turned by hand, are still used to pinch 
out the seed. In the Amoy district of China cotton is said to be cleaned 
by means of a heavy wooden bow suspended from a bamboo frame on 
the shoulders of the operator, who feeds the cotton along a board with 
his right hand and with his left strikes it with the string of his bow, 
cleaning from 50 to 100 pounds a day, at a wage of 10 cents. The 



THE HANDLING AND USES OF COTTON. 355 

combination of the roller and the bowstring beater may be observed in 
certain of the modern improved roller gins used for ©leaning the long- 
staple Sea Island cotton. The seed cotton is fed on a table to a leather 
roller (preferably walrus hide), the roughness of which engages the 
fiber, while a steel plate in close juxtaposition to the roller prevents the 
passage of the seed and a rapidly vibrating blade knocks them out. 
The cleaned seed fall through interstices in the table, and the liut is 
delivered on the farther side of the roller. Only cotton with naked 
seed has been successfully ginned in this way, the down on ordinary 
upland seed causing them when agitated to adhere to each other and 
prevents them from falling through the openings on the table. 

The construction of the roller gin has undoubtedly been greatly 
improved in recent times, especially as regards the ease with which it 
is worked and the quantity of cotton it cleans, but it is doubtful if the 
quality of the product is any better than it was in those ancient days 
when the Hindoos extracted with it the delicate fibers with which they 
made the wonderful tissues called the ^^ woven wind." 

The saw gin works on the other plan. The seed cotton is held in a 
box, one side of which is a grate of steel bars or ribs. Through the 
intervals of the grate a number of thin steel disks notched on the edge 
and miscalled saws rotate rapidly. The notches or teeth of the saws 
engage the fiber and pull it from the seed. The seed as they arecleaned 
fall to the floor through a slit below the ribs. Behind the cylinder hold- 
ing the saws is another and a larger cylinder (the brush) filled with 
bristles in contact with the saws. Both cylinders rotate in the same 
direction. The brush sweeps from the saws the fibers they have de- 
tached, and the draft created by the rapid revolutions of the two 
cylinders blows the lint out to a distance of 20 to 60 feet from the end 
of the gin, opposite to the one into which the seed cotton is fed. 

The defects of both methods of ginning are much the same. They 
fail to clean the lint thoroughly of foreign substances, such as dust, 
fragments of leaves, etc. Some of the seed, especially the immature 
seed known as motes, pass through with the lint. The fibers may be 
strained, weakened, or even broken, or what is fully as bad, crimped 
and knotted (termed neps or naps) by improper force used in their 
removal. From all these causes a large amount of waste is always 
found in ginned cotton. The Willimantic Thread Company estimated 
that their comber removed on an average 20 per cent of such waste from 
the high-priced Sea Island cotton used by them. According to the 
report on textiles by the Commissioner of Labor (1891), the percentage 
of waste in the mills making returns varied from 12.78 to 22.87. For 
32 Northern mills it averaged 18.49 per cent, and for 25 Southern mills 
the average was 16.52 per cent. The difierence is probably due to 
injury to the fiber by being compressed for transportation. The waste 
from yarn to the finished product is stated as 4.81 per cent. 

One of the important prerequisites for improvement in ginned cotton 
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is some more accurate method of determining its quality and a willing- 
ness on the part of x>urcbasers to pay the difference between fairly and 
thoroughly well-handled cotton. Notwithstanding the numerous grades 
in Avhich cotton is classified, their determination is i>ractically a rule-of- 
thumb matter, and samplers will be found to classify and price the same 
sample very differently. A few ounces out of a 500 i>ound bale is taken 
in tlie hand, opened, and the fibers pulled out between the thumb and 
forefinger, and the classification decided. For many points it is suffi- 
cient; the length of the staple is observed in a general way, its color, its 
strength, and its freedom from dirt and, so far as the sample goes, from 
motes and seed and leaf. The sampler knows that there are severe laws 
against fraudulently packed cotton; that the ccmtents of the bale will 
not differ widely from the sample he has examined, and if it should, 
that the marks on the bale will enable the purchaser to trace it back to 
the producer and make reclamation. Nevertheless, no sami)ler will ven- 
ture to say whether the bale he has examined Avill suffer a waste of 10 
or of 2.") per (;ent from short or weak fibers, dust, motes, or neps. The 
experience of many farmers has convinced them that they get as much 
in the market for the closely ginned short fibers and the dust as they 
do for good staple, and they object to having these impurities removed. 
The very loose methods used by purchasers in determining the value of 
lint cotton is illustrated by the statement of a large manufacturer, who 
had had some years' experience in disposing of Florida long staples. 
He says : 

Some of it was saw ginned and some of it was roller ginned. The roller ginned 
retained all of the trash and some of the seed. The saw ginned was free of seed 
and every way cleaner than that ginned on the roller gin. Still, that ginned on the 
roller gin sold for 6 cents per pound higher. I argued the point with the buyers, 
affirming that the saw ginned was not cut and was really the most valuable on 
account of its freedom from seed and trash, and proved it to them with the micro- 
scope. Their only reply was, ** We think you are right, but our orders are to pay so 
much for that ginned on the roller gin," and they acted as per orders. I wrote to 
my customers these facts. Their objection to the roller gin was that it was too slow, 
and they fell upon the plan of using the saw gin, and after ginning to pass the lint 
through a whipper, which only tangled up the lint. The whipper gave it the 
appearance of having been ginned on the roller gin (except the trash and seed), 
and the buyers took it as roller ginned and paid the higher price for it.^ 

In the days of the large cotton plantations much cotton was better 
handled than it is now. The packages were smaller and neater. It 



iln a paper entitled ** Treatise upon the cotton fiber and its improvement," sub- 
mitted at a meeting of the New England Cotton Manufacturers' Association at 
Atlanta, Ga., October, 1895, Edward Atkinson, referring to the use of the saw gin, 
says: "We take three-quarters of the life out of our cotton by our murderous 
method of treating it. We nearly wear it out before we begin to weave it." And 
asks, "Would it not be better to nip these libers between two elastic roUs, to draw 
them away froni the seed without upsetting, tangling, and cutting them?" He 
argues at length in favor of the more extended cultivation of long-staple varieties, 
and of more earnest efforts to improve the roller gin, using the latter in connectioD 
with the recently iutroduced cylinder i)re8s (see p. 3()2). 
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was picked witli greater care. The name of the grower in full, with 
that of the plantation on which it was grown, was put on each bale, 
and was a guaranty of its quality. In addition, other brands were 
added, indicating the exact quality of the cotton, which was sold some- 
times by their brands as wines are. Of course, with the increased 
multitude of small cotton growers this has passed away as impracti- 
cable. After being stored and sunned as described above, the cotton, 
when necessary, was often passed through machines known as openers, 
whipx)ers, and thrashers, in which the cotton was tossed about and 
subjected to a draft of air to remove trash and dust. The separation 
of the clean and dusty cotton in the large, old-fashioned lint room has 
been referred to. The clumsy old compass press, where an elm- wood 
screw 2 feet in diameter and 12 feet long was run down on the cotton 
by three mules attached to levers, with a sweep of 30 feet, made a neat 
l^ackage, but one open to the objection of being bound in ropes. In 
case of fire the ropes Avould burn, and the bale, bursting open, would 
scatter the fire. The old gins were run by horsepower or by water; 
steam was not used. They ginned slower. Asa result, except in very 
wet cotton, the fiber was never cut or broken; nor was it crimped or 
knotted by the impact of the saws as when the cylinder rotates at a 
speed greater than 400 revolutions per minute. The movement of the 
saws through the seed cotton held by the grate in the roll box, 
imparts to it a rotary motion in the direction opposite to that in 
which the saws are moving. This is called the roll. A low speed 
gives a loose roll; a high speed gives a closer and more compact one. 
The higher speed and closer roll does the largest amount of work, and 
by cleaning the seed more thoroughly increases the quantity of the 
product. At the same time, this high speed strains and breaks more 
of the fibers, adds by its close cleaning to the number of short fibers, 
and often nips off fragments of the seed, all of which goes to swell the 
percentage of waste. The motes, or immature seed with lint attached, 
pass through the breast with the lint, the spaces between the ribs not 
being close enough to prevent the passage of such small bodies. They 
are swept from the saws by the brush, but their exit from the gin with 
the lint is prevented by an adjustable board below the brush that 
opens or closes the aperture through which the air is sucked in by the 
revolution of the cylinders. If the opening is large, the great draft 
carries the motes through with the lint; if small, the draft is less, the 
heavier motes fall under the gin, and only the lighter lint passes on. 

With the subdivision of farms an almost new industry was developed 
in the way of toll gins. The old plantations had each its own giiihoiise, 
but the small farms could not bear the expense of such a plant, and 
public gins became a necessity. They sprang up everywhere, and, as 
is usual in the trial of new things, were cheajjly and very poorly con- 
structed. The first thing to go was the expensive old compass press. 
It was replaced by hand-lever presses of many varieties. The old lint 
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room soon followed. The condenser could be used in a cheaper build- 
ing, reduced the labor of handling and the risk from fire, and it was 
substituted for the lint room, though it did not improve the quality of 
the product. Steam engines were used, as more convenient than water 
power and as doing more work than horsepower. Very soon it was 
thought that ginning could be accomplished like wheat threshing — by 
portable machines. A number of plants, consisting of a portable 
engine and gin, were tried for a year or two. The cost of maintaining 
teams to transport the outfit to where only a few bales at a time were 
ready for the gin, and the difficulty of arranging for a supply of wood 
and water at the different farms, as well as interruptions of work done 
in the open air by wet weather, made portable gins unprofitable, and 
they have been abandoned. 

The small and cheaply constructed ginhonse, and the use of steam in 
connection Avith it as the motive power, has been a prolific source of 
much loss by fire. Like most other establishments engaged in manu- 
facture, the tendency is toward their consolidation and enlargement. 
Ginneries, with a capacity of 50 to 75 bales a day, are becoming quite 
numerous. There is one near Waco, Tex., which it is claimed will turn 
out 250 bales a day. The obstacle to their enlargement is the difficulty of 
transporting such bulky material as seed cotton, requiring three times 
the space to hold it and three times the power to move it that lint cotton 
does. In a district producing 65 bales to the square mile, the maximum 
haul to keep the Waco ginnery in full work would be about 10 miles. 
The average haul would be much less. Where facilities for ginning and 
marketing are to be had, cotton in the seed is now not unfrequently 
hauled 11 and even 12 miles. Wagon transportation to market for the 
lint is found cheaper than railroad carriage up to 20 to 25 miles. 

In the gin itself no radical change or improvement has taken place 
since the days of Whitney, its inventor. The material used and its 
construction are better, but the recent improvements have all been in 
the superior handling of cotton at the gin. The system of elevating 
the cotton by suction has been used about fifteen years, and has been 
greatly simplified and improved. A fan blower draws a current of air 
through a wood or metal flue, sucks the cotton up from the wagon or 
bin In which it has been stored, and delivers it to the gin. At first the 
cotton was allowed to pass through the fan on its way to the gin. The 
friction in the fan ignited the cotton, and fires occurred. Now the fan 
is j)laced on the farther side of a receiver, where a screen stops the cot- 
ton, but allows the air, with the dust it has collected from the cotton, 
to pass on and out of the house. From the receiver the cotton is deliv- 
ered by a revolving roller onto a belt, which deposits it in the feeders 
of the gins, or the belt may be dispensed with and the cotton deliv- 
ered into receptacles of sufficient capacity over each gin, and from 
there it is automatically deposited in the feeders of the gins. A single 
flue for all the gins, or sometimes a flue for each gin, made of wood or 
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metal, conducts the lint moved by the blast from the saw and brush 
cylinders of the gin to a condenser. During it« passage through this 
flue the lint is treated in much the same way as it was in the old lint 
room. The current of air straightens out the fibers crimped by the 
ginning, the heavier sand falls into a pocket arranged to receive it as 
the lint rises to the condenser, and the lighter dust is blown off and 
escapes from the building through flues issuing from the condenser. 
The seed meanwhile fall from the gin into a screw conveyor (preferably 
with a perforated bottom, to allow the escape of sand), and is either 
delivered directly to the wagon or into the seed house or dropped into 
a flue from the blower, which transports them wherever it is desired. 
From the condenser the lint falls into a press, where a plunger, worked 
directly by steam or by other power, presses it down as may be 
required. When the box is filled it is turned round over the screw and 
packed, while another box, turned under the condenser by the same 
movement, continues to receive another bale. The cotton is packed by 
a screw, by steam, or by hydraulic pressure, according to the character 
of the outfit. The battery of gins, generally four in number for each 
condenser and press, stand close together, and may be stopped instantly 
by a hand brake on each, which slackens the driving belt. Under this 
system the ginhouse is free from dust and lint, a great nuisance and 
greatly increasing the risk of fire in the ordinary ginhouse. All the 
operations are carried on, as it were, under cover. The observer 
might fail to see cotton anywhere until he saw the lint sliding from the 
condenser into the press. Steam extinguishers and water sprinklers 
are found in well-arranged ginhouses. Seed cotton — and there need 
never be as much of it as a bale in such a ginnery, so quickly is the 
work of receiving and cleaning it dispatched — while easily ignited, 
merely flashes over, and the fire goes out. When orders were issued 
during the war to burn cotton the task was found to be not an easy 
one. The only way to accomplish it was found to be to set fire to the 
building, and even then if there was a large pile of cotton much of it 
was left unconsumed. It is different with lint cotton. When once on 
fire it will burn and smolder indefinitely. A burning bale when thrown 
into the water will float and burn until all of it is destroyed. But 
under this system the lint passes at once into the press, and should it 
catch fire there the plunger that tramps in the cotton is let down on it 
and smothers the fire until steps are taken to remove and extinguish 
it. Eisk from fire is for these reasons at a minimum. If the gin can 
not clean the cotton as it is hauled in, it is usual to store it in a sep- 
arate building situated at some distance (100 feet or more) from the 
ginhouse. The bins in which the lot of each owner is placed are each 
connected with the flue of the fan blower and may be sucked into the 
gins as required. These improvements have greatly reduced the labor 
required to operate a ginnery. Under the old methods the cotton was 
unloaded in baskets and elevated to the gin by hand. This employed 
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the time of ooe hand for each gin. A ginner was also required for 
each gin, and another hand to put the cotton in the press and attend to 
the packing. Three hands to the gin, say of 60 saws, making 400 revo- 
lutions per minute — the speed producing the best staple — would turn 
out 6 bales in a day of 10 hours. With the suction elevators the same 
number, with much less labor, would attend 4 or 5 gins and turn out 
24 to 30 bales in the same time. 

BALING. 

While the standard bale is 54 by 27 inches and is intended to con- 
tain nearly 500 pounds on the average, bales actually vary greatly in 
size and in every dimension, and to a still greater degree as regards the 
density of their contents. This adds to the difficulty of storing them 
on shipboard and to the expense of handling and transportation. 
Loosely packed bales are liable to serious damage from rain, to which 
they are always more or less exposed. The covering is of such coarse 
material that dust and rain easily i)enetrate it and soil the cotton, while 
the size of the bale is so great that it has to be rolled about by iron 
hooks devised for the purpose. The covering is torn in this rough 
handling, more or less cotton falls out and is lost, and the exposed lint 
is fair game for any stray spark that may come in contact with it (fig. 30). 
It was thought that these evils would be remedied by i)utting up the lint 
in smaller, more compact, and more neatly covered and protected pack- 
ages. Some years ago it seemed that the Dedrick perpetual press had 
fully met all of these requirements. The cotton was jmt up in bales of 
100 pounds and of a density nearly equal to that obtained by the com- 
presses. It Avas packed one section at a time, each section being sub- 
jected to exactly the same pressure, which preserved the staple. The 
Willimantic Thread Company testified that " the cotton so compressed 
made less waste at the picker, in the cards, and in the combing machine'^ 
than the long-staple Sea Island cotton, which was always put up in 
loose, round bales packed by hand to avoid injuring the delicate staple. 
The press was used to some extent, and the New England mills paid a 
higher price for cotton packed by it. But dealing in these bales was 
only practicable directly with the mills, where, in addition to the supe- 
riority of the staple, their storage and handling were found easier and 
more convenient. They were not salable in the open market. The 
practice there was based on the large bale. Numerous charges attached 
to it as a unit, and the change involved Avas too great a revolution iri 
settled customs. It is noteworthy that with the increase of cotton pro- 
duction the size and weight of the bale has grown. The American bale 
has grown from 300 pounds to 500 pounds. In States producing the 
largest crops the bales are heaviest, and even in the same States the 
weight varies as the yield of each season has been large or small. The 
Eg3^ptiaii bale averaged only 245 pounds in 1855. With the greatly 
increased i)roduction it weighed 714 pounds in 1892. In Peru, Brazil^ 
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anil Persia tlie bales ran from 175 pounds to 320 pounds. In Asiatic 
Hussia they ran Irom 2o(} pounds to 325 pounds. ludia i'orms au excep- 
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which is the average now of those bales, beiiijr 



only 10 pounds more than the average weight in 185G. The size of the 
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Indian bale is much 8ma.ner aud itH deiisity much greater than that of 
the American bale. It weighs 39 pounds to the cubic foot, while com- 
pressed cotton in American bales is rarely 35 jiounds, and fretiuently 
only 25 pounds. The bugging and ties in which the cotton is put up is 
a source of loss to the farmer, thongli he seldom realizes it, and when 
he (toes is at a loss how to avoid it. It costs about GO i«nts a bale and 
adds 21 pounds to L*4 {lounds to its weight. No tlisttnctinn is made in the 
homo market for any difference iu the weight of the covering. A bale 
having 30 pounds of Jnte and iron on it sells at the same price per 
pound as one tliat has only IS pounds of such tare. This causes the 
farmer to believe that the heavier covering is more profitable. But in 
Liverpool, where the price of cotton for the world is in large measure 
established, a deduction of ]>er cent is made for tare. That is to say, 
34 pounds are deducted from a 400 pound bale and 30 pounds from a 
500-ponnd bale. Not, indeed, from every individual bale, but a discount 
in the pricesof cotton to that extent is made the role with their purchas- 
ing agents iu this country. The tare deducted in this way amounts for 
t thepreaent to aweigbteqnal to that of 500,000 balesof cotton, worth, even 
at the low prices of this crop, $14,250,000. The percentage of the weight 
of covering to that of contents being greater for a smaU than it is for a 
large pacliage, the loss falls less heavily on the first than it does on the 
latter, and this would tend to make the charges less on a light than 
thoy are on a heavy bale. However, there are such a number of other 
charges that attach to the bale that this is not sufficient motive for 
re<1aciug its size. Taken altogether, it is generally admitted that the 
American bale is the clumsiest, dirtiest, most expensive, and most 
wasteful package in which cotton, or in fact any commodity of like 
value, is anywhere ]»ut uj). It has no friends either among manufac- 
turers, buyerb, shippers, insurers, or iiroducers. Custom seems alone 
responsible for this incubus on the industry. Among other eftorts made 
to remedy its defects, the Bessonette system of baling requires men- 
tion. The Bessonette press is a self-feeding press which receives the 
bat of lint as it comes from the condenser upon a spool between two 
heavy rollers. The friction of the rollers rotates the spool and winds 
the bat upon it so tightly as to press out nearly all the air and to form 
the roll into a package with a density of 35 pounds to the cubic foot 
and of uniform size and shape throughout. The pressure employed is 
only 25,000 pounds to the bale, against 5,000,000 pounds by the com- 
press. In the Bessonette, as in the Dedrick press, tiie pressure is 
exerted equally upon each separate ])ortioii of the cotton as it is Mub- 
jected to the power. In the compress, one sudden blow of tremendous 
force acts upon the entiie bale and drives the mass that stood from 27 
inches to 40 inches deep into a space of 7 inches. It is true that when 
the pressure in the compress is taken oft' the elasticity of the fiber causes 
the bale to swell up again to a thickness of 12 inches to 18 inches, but 
the injury, whatever it is, has been already done, and the enlargement 
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only gives a misshapen, turtle-bfick package, wliich has to be redaceil 
again by jackscrews in the ahip'a hold. The variations in the leugtli 
and width of the bale remain unohauged by the action of the compress, 
and this again adds to the difficulty of compact loading. The Beaso- 
nette cylindrical bale (fig. 31), on the contrary, is of uniform length, 
with a diameter of 14 inches to 16 inches. The bales are covered with 
cotton cloth. The ends are capped with the same material, held in 
place by a small hoop of wire. No ties are used, nor are they neces- 
sary, for the bale retains its shape without them. The tare is only "li 




pounds against the 30 i)onnds now charged on the average bale, and 
till' uiat€rial of which it consists will have a valne when the bale is 
unwound nmch greater than the iron ties and jnte now used, which can 
only serve as waste. The bales may be samided in the usual way, bat 
much more easily by removing the caps from the euds, when the ijuality 
of each separate layer, just as it conies from the condenser, may be 
inspected, thus rendering mixed or fraudulent packing impossible. A 
striking feature in these bales is that they are pnictically flreproofc 
ExiJeriments were made in Waco, Tex,, on November 10, 1894, in the 
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presence of a number of insurance men. A hole Avas cut in the covering 
and some of the loose lint puffed out. A match was applied, and the 
lint blazed up and then went out, as it would have done if laid upon a 
log. The covering was ripped half the length of the bale and a torch 
applied with the same result; the loose cotton burned without igniting 
the bale. The end of the bale was opened and lired; it burned an inch 
or two deep, and the tire went out. All tlie coverinj^; was then taken off 
and loose cotton piled upon the bale and set on fire. It blazed up, and 
when the blaze was at its height the bale was rolled out of the flames 
and turned over a time or two to smother the blaze. One layer of cotton 
was rolled off from the outside of the bale and the balance was found 
absolutely free from fire. The air is so completely pressed out from the 
lint that it does not support combustion. The experiment entitles the 
bale to the appellation bestowed upon it by Edward Atkinson of the 
"underwriters' bale." There is a saving in ginning and baling by this 
method, and a conservative estimate places the saving on compressing, 
handling, insurance, and transi)ortation at $4.25 a bale, which, on last 
year's prices, is fully 20 per cent of the value of a bale. Such lirocesses 
will encounter much opposition from the dead weight of existing meth- 
ods and from the large capital invested in their operation, but in the 
long run the saving and security effected by them ought to secure their 
adoption. The Southern cotton mills will not care so much for this; 
they do not want and do not use compressed cotton, preferring to get 
it directly from the producer. While they benetit by the reduction of 
the price which discounts the tare charged abroad, they are able to dis- 
pose of many of the iron ties and nearly all the bagging to the cotton 
growers, to be used by them for the same purpose again. 

Large ginhouses, with improved methods of handling cotton, are 
being put up in many places in connection with oil mills. They facili- 
tate the purchase and cheapen the cost of seed. The seed are of better 
quality, not having been subjected to damage from heating during 
transportation. Selected directly from the gin, they produce a superior 
oil and meal. It is thought that a whole round of operations now dis- 
tributed among such a multitude of middlemen will in time be concen- 
trated about the ginhouse, and that it will become the pivot of the 
whole cotton industry, from the time the raw cotton leaves the field 
until it is ready for the mills and the various by-i)roducts are suitably 
prepared for the consumer. As is now the case in many cotton- 
producing countries, the ginner will j)urchase the seed cotton from the 
grower, store, gin, bale, ship, and sell it. The farmer Avill carry back 
with him, besides the cash his lint sells for, the hulls and meal for his 
stock feed and fertilizer, and such portion of pure oil as lie may need 
as a substitute for the hog's lard he has been accustomed to use. 
Thus he would accomplish at once what he does now only by several 
journeys and by complicated dealings with the venders of bagging and 
ties, fertilizers, groceries, and stock feed, and with cotton brokers. 
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Although the ginning and packing of cotton would seem naturally 
to be entitled to a position among manufacturing industries, at least to 
the same extent that slaughtering and packing cattle are, or grinding 
grain, or sawing plank, it has never been so classified. Xo mention of 
ginhouses whatever as industrial establishments was attempted prior 
to the Eleventh Census. In that enumeration their aggregate number 
is given as 1,637 — a figure, however, far below the actual facts.' In the 
abseuce of reliable data, it can only be said that it would have required 
over 23,000 gins, working full time during the ginning season (which is, 
of course, never done), to clean the last crop, and that the cost of the 
plant and power to operate them must have exceeded $30,000,000. 
The old cost of ginning and packing, covering not furnished, was $5 a 
bale. The cost is now greatly reduced. In Texas it is a twelfth, or $3 
a bale. In some sections of the east it is as low as one- thirtieth, esti- 
mated to be about $1 per bale, though it amounted to a good deal less 
than that at the last season's prices. 

3IANUFACTURE AND USES OF COTTON BY-PRODUCTS. 

Among the by products of ginning the motes may be mentioned. In 
the small ginhouses little care was taken of them. They were given to 
anyone who would take them away, and were used for stuffing bedding 
and bed clothes, making very comfortable coverings for cold v^eather. 
In the larger establishments they are passed through a machine'to free 
them from dust, mixed with seed, reginned, and sold as an inferior 
staple, but yielding a notable revenue. 

Of very much greater importance is the seed, which, after reserving 
some 7 per cent for planting purposes, are disposed of as fertilizers or 
sold to the oil mills. 

OIL. 

Oil obtained from various vegetable substances has been esteemed 
from the earliest times as one of the most precious gifts of nature, and 
its abundance marked the i)eriods of greatest prosperity. Notwith- 
standing the use of cotton as a textile material in the remotest days, 
there is no record of oil being extracted from the seed. The Chinese 
and the cotton growers of central Asia have for a long time ground 
the whole seed in rude mills and fed the cake to their oxen. Such oil 
as was extracted in this rough manner was used for purposes of illu- 
mination, and very little of it was consumed as food. Among western 
nations, the first mention, i)erhaps, of cotton-seed oil is to be found in 
the i^roceedings of a society instituted in London for the encourage- 
ment of the arts, manufactures, and commerce for the year 1783. Seed 
from the cotton growers of the West Indies was crushed in a mill in 
London in the presence of the secretary of the society and the oil 
extracted. The result was so satisfactory that the society offered a 
l^rize of a gold medal to any planter in the British West Indies who 



' The figures of the Eleventh Census, however, refer to i^ublic ginneries, no account 
being taken of private establishments. 
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should express a ton of oil from the seed and make 5 hundredweight 
of dry, hard cake fit for cattle food from the residue after extracting 
the oil. The offer was made from year to year until 1789, when, no 
results having been obtained, it was discontinued. Mills, in his sta- 
tistics of South Carolina, published in 1826, says that Benjamin War- 
ing had established an oil mill in Columbia, and "expressed from 
cotton seed a very good oil." It was estimated, he says, that 100 
pounds of seed would yield a gallon of oil, which he thought a very low 
estimate. He doubtless had in his mind the yield of oil from linseed, 
which was then known to be about 1 pound of oil from 4 pounds of seed. 
Analyses show that cotton seed contain about 20 per cent, or 53 gallons, 
of oil per ton of seed. Such a result has not yet been attained in the 
American manufacture of the article. The highest actual yield at the 
oil mills is 44 gallons, with 40 gallons as a high average. English mills, 
however, repress the cake from which this amount has been extracted 
in America, and obtain a product that is found remunerative. About 
1832 a small cotton-oil mill was operated on one of the islands on the 
Georgia coast. Attempts were made in Natchez, Miss., two years 
later, to extract oil from the seed. In lire's Dictionary, 1843, cotton 
seed is mentioned in a list of 41 plants from which oil is obtained, 
but no further reference is made to it. A Mr. Good engaged in the 
manufacture of the oil in New Orleans in 1847, and he used to exhibit 
a small bottle of the oil which he said had cost him $12,000. The 
French made a better advance in developing the industry. From the 
naked seed of the Egyptian cotton they extracted oil, refined it, and 
used it for edible purposes. Paul Aldige, of New Orleans, visited Mar- 
seilles to study the processes employed. As a result of his efforts, the 
cotton-seed-oil industry was revived in New Orleans about 1855. The 
war checked its growth. The blockade of the ports preventing the 
export of the cake, it was used for fuel. The hulls, at considerable 
expense to the mills, were dumped on vacant lots in the outskirts of 
the city. The owners of cattle which grazed over these lots paid 
watchmen to prevent them from feeding on the hulls, fearing they would 
be made sick. The blockade, however, rendering forage with all other 
supplies very scarce, the cattle were allowed, cautiously, to gratify 
their predilections for the hulls, and no injury resulting, hulls became 
a staple stock feed. 

OIL MILLS. 

The growth of the oil industry was slow. As late as 1858 a list of 50 
plants yielding oil, given in the Encyclopaedia Britannica, does not 
include cotton. In 1860 there were 7 establishments for the manutac- 
ture of cotton-seed oil in the United States. There were 4 mills in the 
South in 1867, and they increased greatly in number, there being 26 in 
1870 and 45 in 1880. The crude oil sold for from 50 to 60 cents a gal- 
lon, and there seemed a promise of very large profits in the business. 
Improvements were made in the machinery and processes and guarded 
with great secrecy by the parties devising them. The oil industry was 
at first controlled by one large company, but others soon sprung up, the 
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^^^K competition between which has been of advantage to the producer of 
^^V'Seed. The annual report of the American Cotton Oil Company for 1891 
^^^ illnstrates the scale on which the cotton-seed-oil industry is being con- 
ducted. "With a capital of $33,761,701), it owns 72 crude-oil mills, 15 
refineries, 4 lard and cottolene plants, 9 soap factories, 15 cotton gin- 
neries, 3 cotton compresses, 2 fertilizer mixing plants, 1 ocean tank 
steamship of ijlIOO tons and 2,300 horsepower, 355 oil-tank cars, 23 
box cars, and 1 barrel car, besides products, real estate, etc. The sale 
of their products for the year amounted to $33,879,400, The influence 

. and oppressive on the whole, promoted and developed the industry. 

Their numerous agents engaged in the purchase of seed eilucated 

the farmers to a knowledge of its value. They introduced on a large 

scale the products to consumers. They improved the methods and 

^^^ machinery. In aword, they cleared tlie ground, and now allwhodesire 

^^^L to do so may sow and reap. The following table exhibits the growth 

^^H of the cotton-seed oil industry in the United States: 

^^B Slalistica of the cotton-oil indaatry. 
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The great increase noted in 1894 is due in a large measure to the 
establishm'^nt of small mills. Their increase by the side of the large 

industry remains unoccupied. 

A ton of cotton seed occupies a space of over 88 cubic feet. As the 
smallest mills crush 10 tons of seed a day and the larger ones over 

from the whole crop is ready for the mill by the end of December, and 
is always exposed to damage by remaining at the gin, where sufficient 
shelter for it is not provided. It is a very unstable product, for even 
the pressure of the mass, if stored in bulk, especially if any portion of 
them have been trampled upon and crashed, suffices to cause heating 
and a rapid fermentation in the damp seed as they come from the gin, 
which either destroys the kernel entirely or renders it fit to produce 
only meal and oil of inferior quality. Jfo plan has yet been devised to 
preserve them in large quantities, and rapid handling is a iiecessity. 
• If transportation is taxed to move the cotton crop, little subject to 
damage and loss except by fire, it can readily be understood how 
much greater the burden must be of moving, during this same sea- 
son of heavy work, this perishable commodity that is twice the weight 
of the lint and occupies a space 40 per cent greater. In the report of 
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the American Cotton Oil Company for 1893 it is estimated that the 
cost of the transportation of that portion of the seed crushed by the 
mills, and its products, by railroads and steamboats amounted to more 
than $8,000,000. The mills have seed houses and scales at the railroad 
stations and employ agents to i)urchase the seed as the wagons bring 
them irom the gin. They are stored, and as occasion offers shipped in 
bulk in box cars. The seed transported by water are sacked. The 
smaller mills obtain most if not all their seed directly from the gin by 
wagon. 

Arrived at the mill, the seed are shovelled into a bucket elevator that 
emi)tie8 them into a screw conveyor in the very top of the building and 
running its Avhole length. Chutes on either side of this conveyor dis- 
charge the seed into the building, Avherever storage room is most 
available. 

Below the level of the floor, and immediately under this conveyor, 
there is another conveyor by which the seed, as it is needed, is carried 
into the mill. One man Avill thus dispose of 30 tons in 12 hours. 
The seed is taken from this conveyor into an elevator, which delivers 
them to the boll screen. This is a cylinder revolving 20 times in a 
minute, with perforations sufficiently large to allow the seed to escape 
into a box beloAv, while the larger impurities, such as bolls, flocks of 
lint, and other foreign substances mixed with the seed are poured out 
at the farther end of the screen. Another elevator receives the seed 
from the box below the boll screen and transports them to the sand 
screen. This is a screen or reel similar in construction to the first, 
except that the perforations are smaller; the seed are retained and the 
sand and dust sifted out from them. The clean seed pass on to a 
blower, Avhere the tine dust is expelled by a current of air and the seed 
themselves are blown in a thin layer over magnetic plates, or bars, 
Avhich attract and retain bits of metal, fragments of nails and bolts 
mixed through carelessness with the seed, and so far escaping the clean- 
ing i)rocess. It is the duty of the man in the screen room to remove 
these pieces of iron at frequent intervals, and their quantity is a great 
surprise to the ginners who have handled the seed cotton. In these 
various processes the original weight of the seed is reduced about 6 
per cent, and if they are green or damj) the loss will exceed this. 

Being now thoroughly cleaned, a conveyor and elevator carry the 
seed to the feeders of the linters. These are large gins having usually 
106 saws placed much closer together than they are in the ordinary gin. 
A linter of this size requires a 5-horse power to move it and makes 
350 revolutions i>er minute. It can regin 16 to 24 tons of seed in 24 
hours. The short fiber or linters, as it is called, i)asses to a condenser, 
which forms it into a roll. The rolls are removed every hour and placed 
in a press to be baled as other cotton is. It is used to make paper, 
hats, carpet yams, cheap cloth, and for most of the purposes to which 
ordinary lint cotton is applied, but of course commands a lower price. 

1 The delinting of the seed is necessary to remove the down, which 
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otherwise absorbs the oil and prevents it from being extracted. It 
also renders the seed easier to plant and improves the hulls for stock 
feeding. 

The seed fall from the linter into a conveyor, which carries them to the 
huller. The huller is a strong cylinder furnished with knives inside of 
which a drum having another set of knives adjusted to within one to 
three sixteenths of an inch to the others revolves 850 times a minute. 
The seed falling between these knives is rapidly cut to pieces, the loose 
kernel or meat dropping out. A huller of medium size will work up 
40 to 50 tons of seed a day. 

The oil mill day is twenty-four hours, for the work goes on night and 
day during the season, one gang of laborers being employed during 
the day and another at night. This is done first, in order to handle the 
seed as rapidly as possible to save storage room and to avoid injury to 
the seed by prolonged storage, and in the second place to avoid a certain 
amount of loss resulting from an interruption of the cooking of the 
meats. The mills thus run continuously from Monday morning to Sat- 
urday night when there is a supply of seed. 

The mass of chopped seed, meats, and hulls pass by elevator and 
conveyor to a large reel covered with screen wire, revolving 20 times 
a minute. The meshes of the wire are of such size as to allow the 
meats to fall through, while most of the hulls are retained, pass out of 
the tail of the reel, and are carried by a conveyor to the hull house. 
The hulls are so bulky as to make storage difficult. They are liable to 
heat when kept in bulk, but this is obviated by putting them up into 
small packages of 85 to 90 pounds, confined by boards and wires, hav- 
ing a density of 33 pounds to the cubic foot. Baling as at present 
practiced costs about 90 cents a ton, but the hulls keep well and are 
easily handled. They are sometimes pressed into sacks and preserved 
in that way, or before baling and sacking they may be mixed with 
definite quantities of cotton-seed meal, bran, cracked corn, or other 
feeding stuff, to be disposed of as a prepared stock food. Heretofore a 
large proportion of the hulls have been used for feeding the engines 
that supplied motive power to the mills. Their fuel value is estimated 
at 80 to 90 cents a ton where good pine wood is to be had at $2 a cord 
or coal at $3.50. A cord of wood is considered equal in heating power 
to 2 J tons of hulls, and a ton of coal to 4 J tons of hulls. This is rather 
expensive use to make of an article retailing at this date in some of the 
towns at $8 a ton for stock food. Few articles have come to the front 
more rapidly than cotton-seed hulls. An English report on the oil 
industry in America in 1887 says there were made 175,000 tons of cake, 
75,000 tons of oil, and 243,750 tons of waste. This waste was the hulls, 
which at a date a little anterior to the date of that report the mills 
were hiring wagons to haul off and put out of the way, but for which 
they can not now supply the demand. 

As the meats fall into the box below the reel they pass on to a wire 
separator or shaker oscillating 250 times a minute. The short down 
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adhering to the hulls that remain with the meats causes them to felt or 
stick together in wads as they are tossed upon the shaker, and thus pre- 
vents them from falling through with the meats as they are sifted out. 
The naked seed of Egyptian and Sea Island cotton not being provided 
with this down, the meats and hulls can not be s.eparated as thoroughly 
as is done with the American upland seed; as a consequence the oil 
and cake made from them is of inferior quality. The cleaned meats 
are carried by a conveyor to a set of heavy chilled-iron rollers, A^arying 
from 3 to 5 in number and from 2 to 5 feet in length, according to the 
capacity of the mill. The meats are evenly distributed, in proper 
quantity, from a hopper to the rolls, and pass in succession between 
each pair of rolls, whose smooth, hard surfaces and heavy weight 
mash them into thin flakes, crushing every oil cell. 

After tliis crushing the meats dtop into a conveyor, which delivers 
them to the heaters. These are large cast-iron steam-jacketed kettles 
provided with stirrers, which keep the meats moving while they are 
being cooked. The duration of the cooking varies from 20 to 30 min- 
utes, according to the condition of the kernels and the good judg- 
ment of the cook, a human quality here called for the first time to sup- 
plement the automatic mechanism that has conducted the seed to this 
point through all the various processes it has undergone in its journey 
from the seed house. The object of the cooking is to expand the oil in 
the meats and render it more fluid, and to drive off the water, which 
not only reduces the quality of the oil but is liable to work serious 
injury to the expensive cloths used to envelop the cakes in the press. 
Very dry meats may sometimes be cooked in 12 to 18 minutes, while 
fresh seeds may require 45 minutes. Close to the heaters stands the 
^'former," which shapes the meats into cakes for the press. The cakes as 
they come from the former are wrapped in camel's haircloth and removed 
by hand to the press, where they are arranged in a series of boxes, one 
above tlie other, between the plates of the press, and subjected to a 
pressure of 3,000 to 4,000 pounds to the square inch by hydraulic power. 

The size of the press varies. One carrying 16 boxes has a capacity 
of 15 to 20 tons of crushed seed in a day. As the ram rises the oil is 
pressed out, slowly at first, but later running in streams down the press 
as the pressure increases. Skillful hands will charge a 16-box press in 
2 minutes, and the press being allowed a short time to drain, may be 
run up every 10 to 20 minutes. The cakes, pressed as solid as boards, 
are taken from the press, stripped of the cloths, loaded upon a truck, 
and weighed to keep tally of the seed crushed. The weight of the cake 
multiplied by 2 plus the Aveight of the oil (7 J pounds per gallon) which 
is measured, gives approximately the weight of the seed crushed. The 
stripped cakes are stacked to dry. When dry, as occasion requires, 
they are passed through a cake cracker, which breaks them into frag- 
ments of a size suitable to be fed to a mill. The mill grinds these 
fragments into a fine meal, which is put up in sacks containing 100 
pounds. Sometimes the meal is- bolted to separate it from small pieces 
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of the hull, which, being tough and leathery, are not readily ground up. 
The oil is pumped into a settling tank, where impurities fall to the 
bottom, and the clear oil is drawn off into storage tanks, preparatory 
to being shipped. The settlings or " foots," as they are called, are thrown 
back into the heaters and repressed. They are also barreled and sold 
as soap stock. Sometimes the oil is drawn directly from the settling 
into the refining tank, for there are oil mill men who believe that oil is 
somewhat injured if allowed to stand 48 hours without being refined. 
In the refining tank the oil is gently heated and kept agitated by stir- 
ring and by having air thrown into it from below through. a perforated 
pipe. It is treated with caustic soda or potash, which coagulates the 
impurities and causes them to sink. The oil is then drawn off, washed 
with water, which dissolves out the alkali, the oil floating on top, and 
passed through a filter press. The refining completed, it is barreled for 
shipment. 

OIL-MILL PRODUCTS. 

At one time all oil was shipped in barrels, but now only refined oil. 
or oil on which cheap rates of transportation are obtained, is shipped 
in this way. As early as 1885 the American Oil Trust introduced the 
use of tank cars. By 1890 their use had become general, the refineries 
furnishing them for the crude-oil mills. The crude oil, after being sub- 
jected to the treatment above mentioned, is known as " summer yel- 
low." It sells for 26 to 28J cents a gallon, while the crude oil is sold 
for 20 cents. 

A prime summer yellow oil is also called butter oil, and is largely 
used in the manufacture of oleomargarine, butterine, etc. When a 
selected yellow oil is subjected to cold pressure, it becomes salad oil, 
used for salads and in cooking. Summer white oil is obtained from 
summer yellow by treating it with fullers' earth, or some other bleach- 
ing powder, and is used in the manufacture of compound lard and for 
like purposes. Winter white oil is the same as summer white, except 
that it has been cold pressed. It is used for burning in miners' lamps 
and in the manufacture of various medicinal comi)ounds. Ordinary 
summer yellow is largely used in manufacturing, such as tempering steel, 
making of bolts and nuts, etc. As an illuminating oil it ranks next to 
sperm, but its principal use is as a food oil. Experts testified before 
the Tariff* Commission in 1881 that 90 per cent of the oil sold as olive 
oil in the United States was really cotton seed oil. The Italian Gov- 
ernment enacted a high-tariff regulation against the importation of 
cotton-seed oil into that country in competition with oils made there. 
Similar regulations have been made in Germany against refined cotton- 
seed oil, which in the form of butterine was being substituted for the 
butter of the German dairies. 

The stearin left on the cloths in the filter press when the oil is 
refined is used for making butter and lard surrogates and candles. 

As a food cotton-seed oil was first used as an adulterant to soften and 
temper lard intended for use in cold climates. Later on the fluidity of 



THE HANDLING AND USES OF COTTON. 373 

the oil itself was corrected by mixing it with beef fat. This mixture 
was put on the market under the name of compound or refined lard. It 
was so kindly received by the public that before long all disguise was 
dropped and it was sold on its merits in competition with lard. The 
growing importance of this food stuff as an article of commerce is indi- 
cated by the fact that while the exportation of lard increased only 37 
per cent between 1884 and 1893, that of cotton-seed oil and its com- 
pounds increased 162 per cent. (See p. 102). 

PRESENT CONDITION AND OUTLOOK OF THE COTTON-OIL INDUSTRY. 

It is not easy to form a well-defined idea of the progress, proportions, 
and prospects of an industry so new and in a stage of such rapid devel- 
opment as is the cotton-seed oil industry. Great improvements have 
been made in the machinery and its arrangement. It has also become 
cheaper as well as better. An outfit that ten years ago cost $1,000 for 
each ton of seed it could crush in a day can be bought now for half 
that sum. The quantity of oil obtained from a ton of seed has been 
increased from 30 and 35 gallons to 40 and 44 gallons, which is a con- 
siderable advance toward the possible maximum yield of 53 gallons. 
The total cost of production ranged formerly from $5.05 to $6.49 for 
every ton of seed crushed; now it is done for $2 to $3 a ton, and occa- 
sionally for less. The cost of insurance, which was at one time 6 to 9J 
per cent, is now only IJ to 6 per cent, on account of the great security 
of loss from fires that has been effected. While the wages of labor 
have not been much reduced, its cost has, by the increase in the num- 
ber of experienced workers and by the smaller number required on 
account of the labor-stiviug devices introduced. The labor chiefly 
employed is negro field labor, whose daily wage is from 40 to 50 cents. 
As, however, the pressman, cook, and linter-room man are select hands 
of some experience, the average wages run from GO to 70 cents a day. 
A very small mill, without many of the labor-saving appliances of the 
larger ones, crushed 55 tons with 756 hours' labor, or something less than 
14 hours to the ton. Putting the wages at 6 cents an hour for 12 hours' 
work, or 72 cents per day, this makes the labor cost of crushing a ton 84 
cents. In point of fact, the cost in well appointed and managed mills 
runs from 75 to 95 cents per ton. Ten years ago the labor cost varied 
from $1.84 to $2.04 per ton of seed crushed. This does not include the 
salaries for superintendence and management. Formerly these were 
from 45 cents to $1 a ton, but are now only 25 to 30 cents. The largest 
item, however, of cost — the cost of seed— can not be said to have fallen. 
While the price is variable, it is fully as high, and sometimes very 
much higher, than it was formerly. In the West, where they are cheap- 
est, they were sold in 1880 for $4 a ton; now they hardly ever bring 
less than $6, and often more. In the East they sold, delivered at the 
mill, for $14 per ton (21 cents per bushel). In recent years they have 
been as high as $20 per ton (30 cents per bushel), and the price for 
this year of depression has been $10 per ton (15 cents per bushel). 
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Eelatively to the total cost of production, they are higher now, forming 
about 85 per cent of that cost, while formerly they were barely 70 per 
cent. This, of course, is the usual thing in all manufacturing indus- 
tries. To obtain seed has been one of the greatest difficulties the oil 
industry has had to contend with from the very beginning. When 
Aldige, of New Orleans, was doing the first pioneer work in this direc- 
tion, he could only collect 1,704 tons of seed after having an agent 
traveling for that purpose for eighteen months in the Mississippi Valley. 

COST AND PKOFIT OF THE COTTOX-OIL INDUSTRY. 

The profits of the oil industry depend naturally on the cost of the 
seed, the expense of working them, and the price of the products. 
The cost of the seed varies with the season. In seasons when oil-mill 
products are high they are high, and vice versa. They also vary greatly 
with the locality. In the West, as already stated, seed are about $0 a 
ton, but these seed yield less oil than the higher-priced eastern seed, 
perhaps 25 per cent less, due, it is said, to the dryness of the climate, 
which prevents tlie full ripening of the kernel of the seed. The oil, 
however, due doubtless to this same dryness, which prevents the seed 
from spoiling, is of excellent quality. In the East the seed cost the 
mills $8 to $11. The following table shows the prices of cotton, cotton- 
seed oil, and lard in the New York market for a series of years, and 
also the prices of cotton-seed meal and hulls at the oil mills on the 
Atlantic Slope, as well as of corn: 

Prices of cotton seed and other products, 1888-1894. 



Cotton, per pound cents. 

Oil, per gallon do... 

Lara, per pound do. . . 

Cotton-seed meal, per ton dollars. 

Corn, per bushel cents. 

CottoU'Seed hulls, per ton dollars . 




10.3 
39.5 
8.72 
10 
57.30 



10.65 
38.25 
6.88 
18.2 
43 



11.07 
29. 25 

6.83 
19.43 
48.5 

2.46 



8.6 
28.75 

6.59 
18.56 
70.4 

2.65 



1892. 


1893. 


7.71 


8.24 


29 


39.35 


7.69 


10.34 


19.16 


18.28 


54 


49.9 


2.15 


1.59 



1894. 



7.67 
27.75 

7.75 
16.21 
50.9 

2.25 



It will be noticed that the fluctuations in lard have been greater than 
in oil, and greater for corn than for cotton-seed meal. The prices of 
hulls in the West where cattle are fattened for market are greater than 
those here stated, and at many of the mills in Texas the entire output 
of hulls is engaged beforehand by the cattlemen at $4 a ton at the 
mills, and late in the season they sold at the eastern mills at $5.50 per 
ton. The cost of working a ton of seed is approximately as follows: 
For seed, $10.50; labor, 90 cents; salaries, 26 cents; repairs and sup- 
plies, $1.20; taxes, 13 cents; total, $12.99. 

The value of products would be, 40 gallons of oil, at 20 cents per gal- 
lon, f. o. b., $8; 700 pounds meal, at $16.20 per ton, $5.67; 25 pounds 
linters, at 2 cents per pound, 50 cents; 800 pounds hulls, at $2! per ton,^ 
90 cents; total, $15.07. 

'Since the use of hulls as cattle food has become bo extensive they sell at from 
$2.50 to $4. (See p. 386.) 
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Tliis would leave a net profit of $2,08 per ton. For a 20-ton mill 
crushing in 100 days' run 2,000 tons of seed, this would amount to 
$4,160, or a dividend of 10 per cent, on over $40,000. The cost of such 
a mill would be: Machinery complete of the latest and best pattern, 
delivered at railroad station, $10,000; buildings and placing machin- 
ery, $4,000; power, $2,000; in all, $16,000. This statement may seem 
too favorable, but it is not overestimated. It is true that a number 
of mills have gone into bankruptcy — they were badly constructed or 
badly managed. Against this it would not be difficult to name mills 
that have declared dividends of 30 and even of 60 per cent, earned in 
one year's operations. It may be safely said that they are, as a rule, as 
prosperous as their rapid increase in numbers would indicate. 

Although a large oil mill in Ehode Island was among the earliest to 
be established, the industry is now confined exclusively to the cotton 
States. Foreign seed are imported for manufacture in some European 
countries — France, Italy, and notably England, where 300,000 tons of 
seed brought from Egypt were crushed in 1887. In this country the 
cost of transportation has brought the mills to the seed. In the 
absence of reliable data, the foUowing table, compiled from the best 
informed sources, is given to show the number of oil mills in each State, 
their average daily capacity, the total number of tons crushed during 
the season of 1894-95, the number of tons of seed produced in each 
State, and the percentage of that product worked by the mills. 

Statistics of the cotton-seed oil industry, 1894-95, 



state. 



riorlda 

Tennessee 

Texas 

Arkansas 

Louisiana 

Mississippi 

Oeorgia 

South Carolina. 
North Carolina. 

Alabama 

Other States . . . 



Total and average . 





Average 






Percent- 


Num- 
ber of 
mills. 


daily 

amount 

of seed 

crushed 

per mill. 


Amount 

of seed 

produced. 


Total 

amount 

of seed 

crushed. 


age of 

seed 

produced 

that were 

crushed. 




Tom. 


Tons. 


Tons. 




2 


15 


24,000 


30,000 


125 


18 


62 


143, 000 


111, 600 


77 


90 


63 


1, 536, 500 


557,000 


35 


13 


76 


354,000 


100, 000 


28 


13 


77 


364,000 


100, 000 


27 


23 


66 


583, 500 


155, 800 


26 


35 


43 


591, 000 


150, 000 


25 


25 


31 


409,000 


90, 000 


22 


14 


35 


247,000 


50,000 


20 


18 


44 


427,000 
62,500 


80,000 


19 










251 


56 


4, 741, 500 


1,424,400 


30 



The cotton crop of Florida is small, largely of cotton with downless 
«eed, and here oil mills must draw a portion of their supply of material 
from beyond the borders of the State. It will be observed that the 
western mills have an average daily capacity to crush 62 to 77 tons, 
whUe the eastern mills work from 21 to 44 tons daily. The former 
also crush from 26 to 77 per cent of the amount of seed they produce, 
while the latter crush on an average 20 to 25 per cent of the seed grown 
within their boundaries. 

The oil companies with large capital, who developed the industry, 
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were naturally attracted by the abundance and cheapness of seed In 
the West, and occupied this field with big mills. It was not until com- 
petition among themselves began to weaken them that the smaller 
mills, first in the Carolinas and Georgia and later in the West itself, got a 
solid foothold. 

In the second stage of the development of the industry it becomes 
more and more apparent that small mills, purchasing their material 
directly from producers in their locality, free from the cost and charges 
of freight and agents, and disposing of the bulk of their products to 
consumers in their immediate neighborhood, can be run most econom- 
ically and securely. It is in this aspect of the business that it offers a 
new future to southern agriculture as broad, as fuU of promise, and as 
far reaching as that created by the invention of the cotton gin itself. 

The 800 pounds of hulls and the 700 pounds of meal (often counted at 
900 pounds and 750 pounds) in every ton of seed responds to an urgent 
want where the seed is grown, not merely or even chiefly as a fertilizer 
to sustain the productiveness of the soil, but for the allied and more 
important purposes of stock feeding. Probably much of the oil might, 
with much saving and advantage, be substituted tor the bacon and 
lard brought from a distance and consumed in the vicinity of the oil 
mills. It is half the price of olive oil, used exclusively for cooking in 
preference to anything else in many countries, and at the present prices 
it is cheaper than lard or bacon has ever been and probably will ever 
be. Of course it has to contend with gastronomic prejudices, but a 
closer acquaintance will dispel these. Such an acquaintanceship is to 
be observed among the laborers employed in the mills. They no longer 
bring meat for their dinners, but put their bread under the press where 
the sweet, warm, fresh oil is trickling out and eat it with a relish, find- 
ing it healthful and nutritious. 

FERTILIZING VALUE OF THE SEED AND ITS PRODUCTS. 

It is of great importance that the cotton growers should form a defi- 
nite estimate of the value of this commodity to them in its raw and in 
its manufactured state. In the early days of cotton planting, when the 
gins began to furnish seed in quantity, they were thrown out carelessly 
upon the ground (as indeed is often done even now) and the hogs at^ 
them and died (as they still do). To prevent this, the seed were 
inclosed in pens, but the small pigs made their way in between the 
rails and fed on the seed. They also died. As a last resort, to be rid 
of the nuisance once for all, the seed were dumped into a salt-water 
creek. Then, when the tide was low, they generated a miasmatic odor 
so offensive as to create a strong feeling against the future culture of 
the crop. 

Cotton seed figures among the articles of export from the United 
States to Europe. In 1888, stimulated by the offer of $35 a ton for 
seed in London, parties in Savannah collected a quantity and shipped 
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tbem. It was found when the cost, freight, commissions on selling, 
and other charges were counted up there remained a net surplus of 
$1.14 a ton, allowing nothing for the management of the enterprise. 

Before the oil mills were established, the highest valuation placed by 
cotton growers on the seed was 12J cents per bushel, or $8.29 a ton. 
Very little was ever sold. While a few cotton seed were boiled with 
other stuff and fed to milch cows, the butter made was not much 
esteemed, and the principal use made of the seed was for manure. 
Sometimes the seed were composted with stable manure, muck, and 
woods mold; but the most common practice, and that approved by the 
experience of the best farmers, was to apply the green seed in the drill, 
or in the hill, to cotton and corn. To do this it was necessary to put 
the seed out in February, for if this were done later they were likely 
in a warm spell to sprout. From 12 to 20 bushels were put to the acre. 
In larger quantities it was thought they ceased to be a benefit, and 
might even be a positive injury. The oil contained in the seed appears 
to be deleterious to plant life. Spots covered for any length of time 
by large piles of seed remain bare afterwards, as if they had been 
poisoned. Put on summer crops, in considerable quantity, it injures 
the stand. Piles of hulls also render the soil on which they have 
rested barren for a considerable time, and as almost any other cover- 
ing adds to the fertility of the soil this must be attributed to some 
special property of the hulls, probably to the oil remaining in them. 

The seed are perishable, bulky, and costly to store and to handle, 
and their use as fertilizer has been largely abandoned, especiaclly in the 
vicinity of oil mills where the more effective cotton-seed meal can be 
obtained.^ 

The mills now offer an exchange for the seed, which is a great deal 
more profitable to the cotton grower than using the seed. They give 
him 1 ton of meal for 2 tons of seed, paying the freight both ways. It 
is estimated that by this exchange there is a clear gain, transportation 
to and from the railroad not counted, of over $5 for the farmer. 

The gain is, in fact, much greater. The oil injurious to plants has in 
large measure been removed. A very perishable article, and one diffi- 
cult to store and handle, is exchanged for one much more durable and 
cheaply handled. The effect of the meal is more lasting than that of the 
seed. Its mechanical condition is all that can be desired; its particles, 
having been subjected to great pressure, swell to three times their size 
when placed in the damp earth, and the farmer is often surprised to 
notice the large roll of dark material into which the thin yellow thread 
of meal has been transmuted in the soil. It is now recognized as one of 
the cheapest sources of nitrogen, the most costly and valuable ingredient 
of fertilizers. It did not obtain this recognition, however, without over- 
coming considerable prejudice. The State inspector of fertilizers for 



^ For composition with reference to fertilizing constituents of these products, see 
article on chemistry of cotton, p. 93. 
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Georgia, in 1876, refdsed to certify to a fertilizer as standard because 
it contained cotton-seed meal. Is^ow it is generally used by all manu- 
facturers of fertilizers. 

FEEDING VALUE OF COTTON SEED AND ITS PRODUCTS.* 

But cottonseed meal bas a much more important use than that of a 
fertilizer. It stands among the feeding stufts richest in protein, the 
most valuable and costly ingredient of all foods. In the average of the 
valuations of feeding stufts made by the Connecticut, the New York, 
and the Indiana experiment stations, it is found that the value of cot- 
ton-seed meal exceeds that of corn meal by 62 per cent, and that of wheat 
by 67 per cent. According to the analysis of each, the feeding value of 
cotton-seed meal exceeds that of raw cotton seed by only 26 per cent 
Practically, however, raw cotton seed has never been fed successfully 
to animals on any large scale. The lint on the seed and the dust they 
contain are injui ions, it is not easy to mix them thoroughly with other 
forage, and so rich a food eaten in excess might easily prove deleterious. 
These objections are in a large degree removed by roasting them or 
boiling them with pumpkins, turnips, or other coarse foods. Such prac- 
tice is more or less complicated and costly, and has not come into very 
general use. The comparison of the variable and complex natural prod- 
uct with the simple and uniform manufactured article is hardly more 
apposite than comparing an extract of the whole ox — hide, hoof, and 
horns — with a tenderloin steak. 

Fattening cattle on cotton-seed meal and hulls. — The feeding and fat- 
tening of beef cattle on cotton-seed meal and cotton-seed hulls have 
been extensively carried on for a number of years. In the seasoiL of 
1893-94 it is said that 13,000 car loads of beeves, fattened exclusively 
on this food, passed through Texarkana alone, going to the slaughter- 
houses of the Northwest. The business was chiefly carried on in the 
Gulf States at first, but it is gaining ground rapidly on the Atlantic 
Slope. Considerable shipments of meal and hull fattened cattle are 
being made from the Oarolinas to Norfolk and other points north. 
When the mills commence to furnish hulls and meal the stockmen buy 
cattle and bring them to some suitable locality where there is an abun- 
dance of drinking water in close proximity to the oil mill. A yard is 
rented and fenced with barbed wire. These droves vary in number 
from 500 to 5,000 in one iuclosure, being herded 50 head or upward to 
the acre. Shelters are no longer used. Troughs of unplaned boards, 
supported a foot or more above the ground, 8 feet long, 4 feet wide, and 
18 inches deep, are scattered about in these open yards in numbers suffi- 
cient to prevent the cattle from crowding. The hulls are unloaded into 
the troughs from wagons bringing them directly from the mill, and 
cotton-seed meal is mixed with them, it being intended to give a ration 
of 3 pounds of it to the animal at the start, gradually increasing the 



See^ alsO; article on the feeding value of cotton-seed products; p. 385. 
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amount until 8, 9, and even 10 pounds is fed at the close of 100 days, 
which is the average period in which they are fully fattened. Barrels 
of salt are left open in the inclosures and the cattle induced to drink 
all the water they will, and this is thought important on account of the 
stimulating and heating character of the food. As a rule the cattle 
take to this food with much relish. Sometimes they require a little 
coaxing to Induce them to do so, and bran or other food to which they 
are accustomed is mixed with it, or it is sprinkled with molasses diluted 
with water. None refuse it finally. Little or no attention is paid to 
the manure. It is allowed to disappear without being utilized in these 
stock yards; sometimes it is given away as a nuisance to whoever will 
remove it, and occasionally it is sold at 20 to 50 cents a 2-horse wagon- 
load, chiefly to truck farmers and gardeners in the neighborhood of 
towns. A profit of $5 to $6 a head is considered fair pay for manag- 
ing this business. Sometimes much more is realized, but in bad sea- 
sons, with inclement winters, high-priced cattle, and a poor market for 
meat, the gain is less, and in some instances a loss is incurred. 

When it is considered that a conservative estimate places the value 
of the fertilizing elements in the feed that may be recovered in the 
manure at 80 per cent, the great wastefulness of the present practice is 
obvious. 

The results obtained by feeding hulls and meal at the various agri- 
cultural experiment stations throughout the country have been most 
favorable. It is estimated that the hulls and meal when fed to cattle 
are capable of producing a gain in live weight worth $30,000,000 at a 
cost of $22,000,000. But a more important profit from this disposition 
of them remains to be mentioned. This is the manurial values wliich 
may be recovered from them after they have subserved the purposes of 
feeding. This can only be estimated from the value of the fertilizing 
ingredients they contain. As has been said, this varies according as it 
is viewed from two quite different points — that of their cost to the 
wholesale dealer in fertilizers and of their cost to the farmer. Taking 
the lowest statement of the amount of these ingredients that may be 
recovered (1,280,000 tons of hulls and 1,120,000 tons of meal), say 80 
per cent, the calculation stands as follows : 

Value of manure from animals fed cotton-seed hulls and meal. 



Hulls: 

Nitrogen 

Phosphoric acid 
Potash 

Meal: 

Nitrogen 

Phosphoric acid 
Potash 



Total 



Pounds 
per ton. 



15 

4 

22 

141.6 
56 
36 



Total. 



Pounds. 
19, 200, 000 
5, 120, 000 
28, 160, 000 

158, 592, 000 
62, 720, 000 
40, 320, 000 



Cost to wholesale 
dealer. 



Per 
pound. 



Cents. 
12.16 
3.04 
3.04 

12.16 
3.04 
3.04 



Total. 



$2, 334, 720 
155, 648 
856,064 

19, 284, 797 
1, 906, 688 
1, 225, 728 



25, 763, 645 



Cost to farmer. 



Per 
pound. 



Cents. 
24.17 
6.14 
3.04 

24.17 
6.14 
3.04 



Total. 



$4,640,640 
314, 368 
856,064 

88, 331, 686 
3, 851, 008 
1, 225, 728 



49,219.494 
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That is to say, tbe seed of the cotton crop, once thought a nuisance, 
after yielding an income to the farmer, paying the wages of the hands 
employed in the oil mills, the salaries of the officers, keeping the prop- 
erty in good repair, and paying a dividend on the capital invested out 
of the oil and lint produced, after fattening a million and a third head 
of cattle for the market and furnishing the chief support of over 
3,000,000 more for an entire year, may yield a value equal by one count 
to 65 per cent of all the commercial fertilizers sold in the United States 
in 1890, and by another count, based ui)ou the actual cash cost to the 
farmer, a value equal to over $1 1,000,000 more than the cost of the com- 
mercial fertilizers used on the 300,000,000 acres cultivated in the whole 
country. The potential value of the 4,000,000 tons of seed produced 
last year maybe fairly stated in this way: 160,000,000 gallons oil, at 20 
cents a gallon, $32,000,000; 100,000,000 pounds of lint, at 2 cents, 
$2,000,000; 1,600,000 tons of hulls and 1,400,000 tons of meal, which 
fed on the farm to cattle should produce in flesh and fat $30,000,000 
and in manure $49,000,000. The total amounts to $113,000,000, or very 
nearly half the value of the lint cotton of the last large crop. Eesults 
of practical experience and of scientific experiments can be cited which 
tend to corroborate this estimate. 

It is being gradually found out that cotton-seed meal and hulls can 
be fed with advantage to other stock besides cattle and sheep. Instances 
are reported in which it has been successfully fed to horses and mules. 

It has been stated that cotton seed in any form was injurious, and 
often fatal, to hogs. This is undoubtedly true as regards raw cotton 
seed. It would be of importance to determine what part of the seed — 
the lint, the hull, or the meal ^ — was injurious to hogs, and the manner in 
which it acted. Mixed with other feed and cooked, hogs have been 
raised and fattened on it. It is reported to be beneficial to young 
poultry when mixed with other foods. 

CONCLUSIONS. 

(1) The tendency is toward tlie enlargement of ginneries. They are 
more economical and turn out a product of better quality. 

(2) Oil mills of smaller size, on the contrary, are on the increase, and 
they are doing more of a local business. This saves in the cost of trans- 
porting and storing the bulky material to be manufactured, and stimu- 
lates a local demand for the products, which are of great importance to 
agriculture. 

(3) The products of the small local mills are equal or superior to those 
of very large mills. They can select the seed more carefully, and they 
are not subject to the same amount of damage from heating during 
transportation and storage as when brought in great bulk from distant 
I)oint8. 

* Recent French investigations show that the injurious effect of cotton seed is due 
to a poisonous principle peculiar to the kernel. (C. Cornevin, Ann. Agron.^ 22 (1896)^ 
No. 8, p. 353.) 
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(4) The local mill should be of sufficient capacity to crush the seed as 
they arrive, and experience seems to show that a mill of 20 tons capacity 
can be worked as cheaply as a smaller one. 

(5) The cost of the seed being the heaviest item in their manufacture, 
it is important to work them up as rapidly as possible to save money on 
interest and insurance. 

(G) To ship seed to distant mills and purchase commercial fertilizers 
to replace them inflicts ruinous loss on the farmer, though it will profit 
to exchange them for meal or for meal and hulls. 

(7) That the products of the seed when separated in the manufacture 
of oil are far more available and valuable as food for man or beast or as 
a fertilizer than they are in the lump in raw cotton seed. 

(8) Much mystery has surrounded the operations of an oil mill in the 
past. This is passing away. Men who never saw an oil mill until they 
took charge of one have done so successfully and earned large divi- 
dends. The machinery presents no difficulties greater than that used 
in a ginhouse. Experts are required for refining, and the cook should 
have some experience. Laborers good about a ginhouse, under intelli- 
gent superintendence, are competent to work an oil mill. 

(9) The business, once overshadowed by the oil trust and the large 
companies, is now open to all who wish to engage in it. With only a 
little over a third of the seed produced brought to the mills, it is found 
.that competition among themselves matters less than the education of 
the farmers to an appreciation of the advantages to themselves of 
having their seed milled. Every new mill diffuses this knowledge, and 
opens a new territory of supply which accrues to the advantage of all 
engaged in the business. 

(10) Eapidly as the oil mills are increasing, there seems little danger 
of overproduction. Its products are by far the cheapest of all commod- 
ities used for similar puriDoses, and may be substituted over a wide 
field for costlier articles of iDrime necessity. The material on which it 
operates is limited by the production of cotton in localities where 
enough is grown for mill purposes. Every new mill opens a new mar- 
ket. Every gallon of oil and every ton of hulls and meal that could be 
extracted from the largest crop would not suffice to supply the wants 
of the population of the cotton States and of the soil they cultivate, 
much less to overstock the markets of the world. 

LINT. 

MARKETING. 

After the cotton is baled, the next step is to put it upon the market 
with the least delay practicable. Formerly the cotton planters, either 
themselves or through their factors, shipped their crops directly to the 
principal markets of this country or Europe. Now much the largest 
part of the crop goes at once into the hands of cotton factors or mer- 
chants who have made advances of cash or supplies to the farmers. 
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The usual amount of advances is intended to be about $10 a bale at 
the highest legal rate of interest. The exigencies of the case generally 
cause them to exceed this, and the persistent decline in the price of the 
staple has made collections somewhat more difficult, and the business of 
making advances is by no means as it once was. The charge for selling 
and storage varies, but $1 a bale for selling and 50 cents for storage for 
the first month and half that amount for each subsequent month may 
be considered a fair average. Insurance is to be counted also, so that 
it appears from the examination of some account sales that all the 
charges for selling sum up on an average to $1.93 per bale, or to about 
7 per cent on the net value of the crop to the farmer, or half a cent 
per pound of lint. With the increasing number of cotton factories in 
the South a larger amount of cotton is being sold directly to tbe mills. 
If it could be grown without the advances, these charges might all be 
saved. But the party making advances stipulates that such a number 
of bales be brought to them for storage and sale, and in case the si>eci- 
fied number is not delivered a forfeit of $1.50 for each bale short 
of the number is to be paid. The transactions of the farmer with the 
factory are very satisfactory. The morning paper informs both parties 
of the price of cotton the world over. The farmer is the better for saving 
the charges of the factor, and the mill saves agents' charges for buying, 
drayago, and freight, so that they agree easily with one another. Cotton 
brokers at the chief milling points, and even the spinners themselves in 
Europe and America, receive daily offers from peripatetic cotton buyers 
at numerous points in the interior to furnish cotton on through bills of 
lading at 10 to 15 points (50 to 75 cents a bale) above cost, insurance, 
and freight. The farmer brings his cotton to the town where some mer- 
chant or banker has advanced to him, several buyers bid on it, and the 
purchaser settles at the banker's or the merchant's, discharging the 
farmer's debt and giving him the residue. The cotton is put on the rail- 
road platform to be shipped to the nearest compress and start on its 
journeyings. A large part of the business is transacted by the great 
exporting companies, many of them large concerns with the command 
of much capital, whose business it is to move most of the world's crops 
from producer to consumer. They are satisfied to clear an annual net 
profit of 6 per cent on the immense capital employed, and in doing this 
it is to their interest to cheapen the intermediate costs and bring the 
producer and consumer close together. As an evidence of the reduction 
made in these costs, it will be noticed that the transaction of these 
transfers by the large cities has been a great source of profit to them, 
and consequently of cost to the other parties, and of late years the 
annual sales of spot cotton in these cities has greatly decreased. This 
decline has been between 1876 and 1894, in New Orleans, from 31J per 
cent of the crop to 12J per cent; in Memphis, from 9f percent to 4^; in 
Savannah, from 5 J per cent to 2|; in Charleston, from 7 per cent to 2|. 
More direct and cheaper methods have skipped over these intermediary 
markets. 
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COST OF TRANSPORTATION. 

The cost of transportation varies with each locality and the rates of 
freight, which are always fluctuating. Competitive lines, water trans- 
portation, the facility of arranging through freights, each brings its 
quota to complicate the problem. Distance is by no means a determin- 
ing factor. It has sometimes cost less to ship cotton from the interior 
to Liverpool than to the New England mills. Changes are constai»tly 
occurring. The new Manchester Canal delivers cotton to the mills 30 
cents a bale cheaper on the average than it is delivered ex-ship from 
Liverpool. Notwithstanding the general cheapening of transportation 
that has taken place, the percentage of this cost upon the total cost 
since the decline in tbe price of cotton is greater than when the staple 
sold high. It imposes an additional burden on importers and operates 
with other factors to render the manufacture of the raw material where 
it is grown more remunerative than it can be at distant points, and this 
will probably continue to be the case unless some unforeseen cause 
raises the price of cotton. It may be thought that as the product will 
finally have to be distributed the cost of transportation will attach as 
much to the manufactured article as to the raw material. This is a mis- 
take, however. The transportation of cotton costs more than the trans- 
portation of goods. Where the first is charged 47 cents per hundred- 
weight, the latter goes through for 30 cents per hundredweight. Some 
idea of the charges and cost of transporting cotton will be conveyed 
by the following statement, giving these data regarding its shipment 
to Liverpool, where more of the crop has been always shipped than 
elsewhere: 
• 

Cost of shipping a 500-pound hale of cotton from the Atlantic Slope of the cotton States to 

Liverpool. 



Items of cost. 



Grading per bale.. 

Weighmg do 

Drayage do 

Purchasing do 

Compressing and freight to port do 

Port to Liverpool do 

Liverpool dock dues, porterage, customs, insurance, forwarding, 
cartage to railroad, cartage to mill per bale.. 

Total per bale 

6 per cent tare 

Total cost per bale 

Percentage of cost of transportation on total cost 



Price per 
pound, 5 
cents ; first 
cost of 500- 
pound bale, 
$25. 


Price per 
pound, 8 
cents ; first 
cost of 500- 
pound bale. 
$40. 


$0.15 

.07i 

.10 

.50 

1.40 

2.00 

.92 


$0.15 

.07i 

.10 

.50 

1.40 

2.00 

.92 


5.14i 
1.50 


5.14i 
2.40 


6.64^ 


7.54i 


24 


18 



Price per 

pound, 11 

cents ; first 

cost of 500- 

pouDdbale, 

$55. 

$0.15 

.07^ 

.10 

.50 

1.-40 

2.00 

.92 



5.14^ 
3.30 



8.44^ 



15 



With the improvements in machinery and increasing skill in its man- 
agement, manufactured products have a tendency to become cheaper 
much more rapidly than the raw material out of wliicli tliey are made. 
The production of the material depends on natural conditions beyond 
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human control; the manufactured goods are the result of human effort. 
In 1779 the value of the raw cotton in yarn was as 1 to 8; in 18G0 it was 
as 6J to llj; in 1887 it was as 6 J to 9^^. Therefore every burden put 
on the raw material, such as the above increase in the percentage cost 
of transportation to total cost, must obstruct manufactures. That it 
has already done so will be seen by the changes which have taken place 
in the consumption of cotton by various countries in a series of years, 
as shown in the following table: 

Percentages of the cotton crop consumed in each country, 1859-189S, 



Place of consumption. 


1859. 


1869. 

Per cent. 
48 
19 

3 
27 

3 


1879. 


1889. 

Per cent. 
40 
28 


1898. 


Great Britain 


Per cent. 
55 
16 

6 
19.4 

3.6 


Per cent. 
36 
25 

3 
32 

4 


Per cent. 
35 


£nroDe (Continental) 


3S 


Other countries 




Northern United States 


24 

8 


20 


Sonthem United States 


10 






Total 


100 


100 


100 


100 


100 






DISTRII 


lUTION. 











Manufacturing is evidently becoming less the monopoly of any one 
nation, and it is equally plain that it tends more and more toward the 
sources of supply. The last observation is supported by what is taking 
place in India, next in importance to the Southern States as a cotton- 
producing country. The manufacture has increased there 283 per cent 
since 1880, and her cotton goods are supplanting those of Great Britain 
in China and the East. The rapid progress made recently in this direc- 
tion in the cotton States leads the growers of the staple to hoge that 
it will continue to grow, and that savings secured in the transporta- 
tion and handling of cotton would open up a market not only for this 
crop but for all other crops necessary for the support of a large manu- 
facturing population. 



THE FEEDING VALUE OF COTTON-SEED PRODUCTS. 

By B. W. KiLGOREy 
A$$istant Chemist^ North Carolina Erpfriment Station. 

The products of the cotton plant used as food for live stock are the 
seed, cotton-seed cake or meal prepared from the seed, and (M)t ton seed 
halls. 

Cotton as it is picked from the plant consists of H(»ed and fti>er or lint 
adhering to and covering the seed, in the proportion, by w(M^ht, of 
slightly less than one third fiber and rather more than two thirds seed. 
A crop of 9,000,000 bales in the United States would then^foro yield 
about 4,500,000 tons of seed. The seed is composed of ])ract ically equal 
parts of seed coat or hull and kernel. From 1,(M)(» pounds of the hitter 
250 to 300 i)oands of oil is expressed, leaving 700 to 7r)() jiounds of c.ike 
or meal to the ton of seed.^ 

Prior to the era of cotton seed oil mills raw and cooked cotton seed 
was fed largely to cattle and sheep, and to a limited extent to hogs. 
The larger jiortion of seed, however, was used as fertihzer, Mioii^di in 
some of the richer cotton States the seed was scmietimcs tlin)wn into 
rivers, buried, burned, or otherwise disposed of in the ejiHie>.Ht way 
IK)ssible. 

Cotton-seed cake is of two kinds — that from the whole seed, or iinde 
corticated cake, and decorticated cake, or cake from the kernels after 
the hulls have been separated. The ground cak(*s give the cott/on seed 
meal of commerce. Formerly nndecorticated cake was hirgely nnidc 
and used, but there are now probably not more than two mills in (lie 
United States making it.^ 

Cotton-seed meal was fed in the United States earlier than IH^W)' 
and in England previous to IHi'A.* The Southern States did not U*iu\ 
inuch meal at first, and most of it went to the Kastern and Northeast 
eru States and to England. Its i»ripularity as a i'cfA has, however, 
gradually grown until now it is universally estC/em^^l and large rinan- 
tities are aonnally used for feed and fertjli/^;r. 

At the oil mills the cotton see^l is cut up and crushed, ;tnd ttie hnlls 
or seed coats seimrate^l from the kemels by means of screens and shak- 
ers. The hulls are dr>', tough, and t.asteless,and are (utvf'voAl with Khort 
cotton fiber. They were at first c/msldered worthless for fe^'^ling 



*D,A«TompkiiWy ctfmtnnnit't^U'A \u \p.t^*sT. 
•IT. a Dept. Ais^. Kpt, 1WI. p, TtT,. 
*JonT, Koy. Agh Hof„ WA, pf. U p. 2:;',, 

1983— So. ZZ ir. ^' 
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purposes, and were a nuiaauce at the oil mills, where, ualil about 
1880, they were burued as fuel and are still thus disposed of to .a very 
limited exteut. Ten out of 16 oil mills meutioned in the Tenth United 
States Census reported the sale of hnlls for feed, and it is likely they 
were used as feed before this, probably as early as 1870 in ludividual 
caBe^<. Ho populiir have they become as a coarse fodder that the oil 
mills now readily sell the greater portion of tlieir output at from $2.50 
to $4 11 t«)u. 

COMPOSITION OF (COTTONSEED PRODUCTS. 

Cotton seed, of course, varies with the soil, season, and climate; but 
its composition with reference to these conditions has been studied 
but little. Beyond the observation of cotton-seed oil mills that the 
seed in a wet season contains more oil of poorer quality than in a dry 
season, we know little of the chauge m its composition due to differeut 
causes. The composition of cottonseed meal, of ctmrse, depends on 
the composition of the seed and the comjtleteuess of separation of bulls 
aud kernels and expression of oil ftom the latter. With the improve- 
ment in oil-mill machinery the percentage of oil left in the cake has 
been much reduced, as is seen from the averages of analyses made in 
consecutive years. (See p. 133.) 

It is believed that the average of the analyses nia^le since 1888 repre- 
sents more nearly the composition of the cotton-seed meal of today 
than any of the previous ones. Cotton seed hulls from different mills 
and even from the same mill vary widely in composition, owing to the 
adherence of larger or smaller quantities of the finely broken kernels. 
The composition of the cotton plant alter the cotton is picked indicates 
it to be a very good coarse food, but it is extremely hard and tough, 
and would have to be manipulated before iinimals would cat it, 
DIGESTIBILITY OF COTTON PRODUCTS. 

The coefficients of digestibility of cotton products are brought 
together in the following table: 

Coe^eientg of digetlibiUtg of cotton-eeed pradacU. 



if 


I- 

3 


1 


i 


^ 


t 


1 

S. 


1 
1 


i 


Whole mwomionsMd in ration wilhoonnilagB.' 1 
WholB coBlted coKon seed In mtion wllh oorn | 


P.Bt. 

eu. 1 


r.ct. 

Bt.7 
88.7 


F.ct 


r.ct. 

SB. 2 
73.8 


31,8 
36.8 


P.ct. 

fl5.0 


% 


Cottoii-BBBd iDMl in ration with clover bay ... . 1 


; 






Bi!8 


31. S 




s 

• 


IT 








IB.» 
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These data need no comment except as regards whole, raw, and 
roasted seed. The digestibility of these was determined on two portions 
of the same lot of seed, one portion being fed raw and the other after 
roasting. Comparison of the coefficients shows that 10 per cent less of 
the dry matter of roasted seed, 21 per cent less of the protein, 15 per 
cent less of the fat, and 9.5 per cent less of the fiber was digested than 
in the case of the raw seed, while 1.7 per cent more of the nitrogen-free 
extract was digested from the roasted than from tbe raw seed. Ladd's^ 
experiments also show raw cotton-seed meal to be more digestible than 
either steamed or cooked meal. Siewert^ compared the composition of 
cotton-seed hulls before feeding with that of hulls separated from the 
solid excrement of animals, and claims that they were indigestible and 
worthless. 

DOES COTTON-SEED MEAL AFFECT THE DIGESTIBIUTY OF CARBONACEOUS FOODS? 

It is usually stated^ that highly nitrogenous foods like cotton-seed 
meal have no influence on the digestibility of coarse, carbonaceous 
foods in rations, and vice versa. The results of two series of experi- 
ments at the !N^orth Carolina Station in which cotton-seed hulls and 
corn silage were each fed in connection with cotton-seed meal in vary- 
ing proportions indicate that the cotton-seed meal influenced the 
digestibility of each of these coarse feeding stuff's. The digestibility 
of the cotton-seed hulls and silage when fed alone and when fed in 
various proportions with cotton-seed meal is shown in the following 
table: 

Digestibility of cotton-seed hulls and corn silage fed alone andioith cotton-seed meal. 



Bation. 



Cotton-seed hulls : 

Fed alone a 

With cotton-seed meal (7 parts of 

hulls to lot meal) a 

With cotton-seed meal (6 parts of 

hulls to 1 of meal) a , . - . 

With cotton seed meal (4 parts of 

hulls to I of meal' a 

With cotton-seec* meal (3 parts of 

hulls to 1 of meal) a 

With cotton-seed meal (2 parts of 

hulls to 1 of meal) b 

With cotton -seed meal (l^partsof 

hulls to 1 of meal) c 

Corn silage : 

Fed alone d 

With cotton-seed meal (12 parts of 

silage to 1 of meal) d 

With cotton- seed meal (8 patts of 

silage to 1 of meal) d 



berofde- 
inations. 


Dry 
matter. 


Pro 

tein. 


Fat. 










^H^ 










Per ct. 


Peru. 


Per ct. 


4 


39.8 


6.8 


85.1 


1 


40.6 


-12.6 


78.4 


2 


41.1 


—35.7 


78 


2 


47.7 


36 


78.9 


1 


48.5 


-22.3 


83 


4 


44.1 


-43 


72.4 


2 


44.3 


-50 


79.7 


1 


53.2 


34.4 


66 


2 


60.1 


19 


79.3 


2 


67.4 


24.5 


54.7 



Nitro 

gen 

free 

extract 



! Nutritive ratio. 



Per ct. 
36.9 

50.2 

48 

57.1 

53.6 

48.2 

53.5 

60.5 

68.9 

76.3 



Crude 
fiber. 



By 
actual 
diges- 
tion. 



Per ct. I 
43.1 '. 



a North Carolina Sta. Bula. 97, 122. 
h North Carolina Sta. Buls. 97 and 111. 



c North Carolina St-a. Buls. 111. 
d North Carolina Sta. Buls. 97, 123. 



1 Pott, Die Landwirtschaftlichen Futterniittel, p. 133. 

2Landw. Vers. Stat., 30 (1884), p. 145. 

3 Armsby, Manual of Cattle Feeding, p. 277. 



Ar cal- 
culated 
from 
Hiii<;le 
foods. 



33.5 


J. • 


10.8 




6.93 


40.1 




9.71 




7.69 


45 




7.52 




5.62 


49.8 




5.89 




4.62 


48 




4.02 




3.28 


45.7 




3.18 




2.71 


43.2 










57.5 




6.29 




5.57 


64.3 




4.98 




4.01 
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The corn silage fed in the above trials was all from the same lot. 
From these figures it appears that the digestibility of the carbohydrates 
has been materially increased in the case of both coarse fodders by 
feeding cotton-seed meal, while there was in all cases a loss of protein 
which with the hull rations was much beyond what the hulls contained. 
The nutritive ratios of these rations as actually digested and as calcu- 
lated from the digestion coeflficients of the different feeding stuffs also 
show that these foods have affected the digestibility of each other, and 
indicate that in rations of this kind, at least, much wider nutritive 
ratios are fed than is generally supposed. 

FEEDING COTTON-SEED PRODUCTS FOR BEEF PRODUCTION. 

ENGLISH EXPERIMENTS. 

Experiments have been made on bullocks at Woburn,^ England, in 
which decorticated and undecorticated cottonseed cake have been 
compared with each other, and decorticated cake has been compared 
with various grain rations. In compiling these the nutritive ratios of 
the rations have been calculated only in those cases in which the com- 
position of all of the feeding stuffs used was given ; and the digesti- 
ble organic matter and the amounts necessary to produce 1 pound 
of gain have been calculated only wheie the composition of the more 
important foods was given. The total cost of each pound of gain and 
of the additional foods for 1 pound of gain are based on estimates of 
the experimenters.^ The results of these experiments are summarized 
in the table below, followed by further details and deductions: 

Feeding experiments for beef at Woburnf England^ with cottonseed cake combined with 

other feeding stuffs. 



Daily ration per animal 



1887-88. Coarse fodder: straw chaff, hay chaff, 
and roots, alike to all : 
Lot 1, 3 pounds decorti(^attid cotton-seed cake, 3 

pounds linseed cake, and 3 pounds maize meal 
Lot 2, 3 pounds bean meal, 3 pounds oats, and 

3 pounds barlej- 

Lot 3, 3 pounds oats, 3 pounds "gritted" wheat, 

and 3 pounds barley 

1889-90: 

Lot 1, 4.33 pounds decorticated cotton -seed 

cake, 4.34 pounds linseed cake, 13.73 pounds 

hay chaff, and 40. 18 pounds roots 

Lot '2, 2.12 pounds decorticated cotton-seed 

cake, 2.17 pounds linseed cake, 15.49 pounds 

bay chaff, and 44.27 pounds roots 



Digest- 
ible I Nutri- Average 
organic 1 tive I daily' 
matter [ ratio of , gain in 
in daily ration, weight, 
ration. 



Pounds. 
14.63 

14.45 

14.44 



16.56 



I: 4.82 



6.56 
8.53 



1: 4.67 



14.97 II: 5.95 



Pounds. 
2.65 

2.35 

2.15 



3.12 



2.54 



Cost of Total 



Digest- 
ible 

organic concen- cost of 

matter ' trated food per 

eateu , food per pound 

per i pound | of 

pound , of gain. gain, a 

of gain. I 



Pounds. 
5.52 

6.14 

6.71 



5.30 



5.89 



Cents. ! 
5.29 , 

6.40 !. 

i 

6.46 !. 



Cents, 



8.95 



8.73 



aWhere the composition of the foods used was not given, hay chaff was assumed to contain 78.5 
percent of organic matter, ruta-bagas and mangel-wurzels 10.4 per cent, and wheat straw 80.8 percent. 
Wheat was assumed to be as digestible as barley. 

^All the Woburn experiments were made under the auspices of the Royal Agricul- 
tural Society by Dr. Voelcker. 

2 This explanation applies to all other similarly presented experiments. 
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Feeding experiments for beef at TVoburn, England, etc. — Continued. 



Daily ration pe.* animal. 



Digest- 
ible 
: organic 
{ matter 
I in daily 

ration. 



1889-9(): 

Lot 3, no grain, 17.03 poands hay chaff, and 

48.44 pounds roots 

1888-89. Coarse fodder; hay chaff and roots, alike 
to all : 
Lot 1, 3.3 pounds decorticated cotton-seed 
cake, 2.88 x)ounds linseed cake, and 4 pounds 

barley 

Lot 2, 3.3 pounds undecorticated cotton-seed 
cake, 2.88 pounds linseed cake, and 4 pounds 

barley 

1890-91. Coarse fodder: hay chaff and roots, alike 
to all : 
Lot 1, 5.03 pounds decorticated cotton-seed 
cake, 3 pounds linseed cake, and 1 pound 

barley 

Lot 2, 5.07 pounds undecorticated cotton-seed 
cake, 3 pounds linseed cake, and 1 pound 

barley 

1878-79. Coarse fodder: roots and wheat chaff, 
alike to all : 
Lot 1, 7.09 pounds decorticated cotton-seed 

cake, 7.88 pounds maize meal 

Lot 2, 13.92 pounds linseed meal 

1880. Coarse fodder: hay chaff, wheat chaff, and 
roots, alike to all : 
Lot 1, 7.7 pounds decorticated cotton-seed 

cake, 7.7 pounds maize meal 

Lot 2, 15.4 pounds lirseed cake 

1880-81. Coarse fodder; hay chaff and mangel- 
worzel : 
Lot 1, 9.48 pounds decorticated cotton seed 

cake, 9 48 pounds maize meal 

Lot 2, 17.18 pounds linseed cake 



Pmmds. 
13. 29 



14.58 
13.83 



17.17 
15.89 



17.13 
15.62 



16.24 
15.17 



19.70 
17.68 



Nutri- Average 

tive ! daily 
ratio of gain in 



ration. 



weight. 



1 :10. 52 



1 : 4. 21 
1: 5.15 



Pounds. 
1.36 



2.21 
1.97 



2.38 
1.84 



2.32 
2.29 



2.60 
2.12 



2.63 
1.64 



Digest- 
ible 
organic 
matter 
eaten 
per 
pound 
of gain. 



Costof 



Total 



Pounds. 
9.77 



6.59 
7.02 



7.21 
8.63 



7.39 
6.81 



6.24 
7.15 



7.49 
10.81 



concen-, costof 
trated | food per 

food per. pound 
pound I of 

of gain., gain, a 



Cents. 



Cents. 
12.00 



7.60 
8.38 



6.42 
7.34 



10.43 
12.63 



10.43 
17.68 



12.58 
23.84 



a Where the composition of the foods used was not given, hay chaff was assumed to contain 78.5 per 
cent of organic matter, rutabagas and mangel-wurzeis 10.4 per cent, and wheat straw 80.8 per cent. 
Wheat was assumed to be as digestible as barley. 

The experiments of 1887-88* were made '^with a view to seeing how 
far home-grown food could be utilized and how it would compare with 
cake.'' Twelve 3-year-old Hereford bullocks were fed during 112 days 
in three lots, one lot receiving cotton seed cake, linseed cake, and maize 
meal, another lot bean meal, oats, and barley, and the third lot ^^ grit- 
ted" wheat, oats, and barley. All three lots had the same kind and 
amount of coarse fodder. The first-mentioned lot was fed in box stalls, 
the second in the open yard, and the third under a shed; but no differ- 
ence in the result is attributed to these different conditions. The rate 
and cost of gain show "clearly the superiority of the cake feeding; 
* * * the meat of the cake-fed beasts was pronounced by experts to 
be 'riper' than that of the bean-fed beasts," and the latter was superior 
to that of the wheat fed lot. 

In 1889-90^ the experiments were to see ''to what extent cake would 
replace hay in feeding bullocks." Fifteen 3-year-old Hereford bullocks 
were fed during three periods of 40, 41, and 29 days, making 110 days 

1 Jour. Roy. Agl. Soc. England, ser. 2, 24 (1888), pp. 481-486. 

2 Jour. Roy. Agl. Soc. England, ser. 2, 1 (1890), pp. 399-407. 
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in all. A ration of cotton-seed cake and linseed cake was fed to lot 1, 
one half this amount to lot 2, and none to lot 3, the diminished quan- 
tity of oil cakes being made up for by an increasing ration of hay chaff 
and roots. The bullocks receiving the full quantity of oil cakes gained 
on an average 3.87, 3.05, and 2.20 pounds daily per head during the 
respective periods; those receiving the half ration of oil cakes gained 
3.18, 2.56, and l.()3 pounds, and those having roots and hay only, 1.52, 
2.06, and 0.12 pounds. The average gains for the whole period of 110 
days are given in the table, together with their cost, which shows the 
single quantity of cake to have been the most economical meat pro- 
ducer, unless the manurial value of the rations is taken into considera- 
tion, in which case double (piantity of oil cakes was the most economical, 
and far more so than roots and hay alone. 

The object of the experiments in 1888, 1889, and 1890^ was to investi- 
gate the comparative feeding values of decorticated and undecorticated 
cotton-seed cake when fed in like amounts. In 1888-89 eight 3-year- 
old Hereford bullocks were fed in two lots during three periods of 62, 
36, and 47 days, res])ectively. The 4 bullocks receiving decorticated 
cotton seed cake gained 2.76, 2.01, and 1.64 pounds per head daily dur- 
ing the respective periods, while the 4 on undecorticated cake gained 
2.47, 1.65, and 1.56 pounds. During 1890-91 17 3-year-old Shorthorns 
were fed in three i)eriods of 41 days each, the 8 on decorticated cake 
gaining 2.4, 2.48, and 2.28 pounds per head daily, and the 9 on unde- 
corticated cake 1.33, 2.36, and 1.82 pounds. The foods other than the 
cakes in each of the two trials were practically the same, and any dif- 
ferences in results are attributed to the cakes. The gains for the whole 
periods and the cost are given in the table and are favorable in both 
cases to the decorticated cake. The experimenter considers "that for 
feeding purposes alone, omitting manurial value, decorticated cotton- 
seed cake is fully worth 50 shillings a ton more than undecorticated 
cotton seed cake." 

The experiments in 1878, 1879, 1880, and 1881^ were to test the com- 
parative value of a mixture of decorticated cotton-seed cake and maize 
meal against linseed cake as additional foods for fattening bullocks, the 
other foods (roots and hay) being alike. In the first trial 2 lots of 4 
Herefords each were fed for 69 days, and in the second and third trials 
2 lots of 3 bullocks each were fed for 63 days in each case. The gains 
and cost lead the experimenter to conclude that '' in three successive 
years a mixture of equal parts of decorticated cotton-seed cake and 
maize meal has i)roduced a larger increase in live weight, and at less 
cost than linseed cake." 

Other feeding experiments^ with decorticated cottonseed cake in 



' Jour. Roy. Agl. Soc. England, ser. 3, 2 (1891), pp. 585-594. 
2 Jour. Roy. Agl. Soc. England, sor. 2, 16 (1880),p. 149, and 17 (1881), p. 654. 
«Jour. Roy. Agl. Soc. England, 2d ser., vols. 16-23, pp., 131, 112, 301, 209, 337, 348, 236, 
284, 289. 
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addition to other foods have also been made with bullocks at Wobiirn 
in connection with studies on the production of manure. The results 
of these experiments are brought together in the following table: 

Feeding experiments for beef at Wobum, England, with cotton-seed cake in combination 

ivith other feeding stuffs. 



Daily ration per animal. 



1879: 

First period, 4 ponnda cotton*fleed cake, 6.4 
pouuds maize meal, 8 pouudn wheat chaff, (a) 
aud 48 poiinda white turnips 

Second period, same 

1880: 

First period, same as in 1879, except mangel- 
wurzels in place of turnips 

Second perioa, same 

1881: 

First period, 5^ pounds cotton-seed cake, 8.53 
pounds maize meal, lOf pounds wheat chaff, 
and 64 pouuds white turnips 

Second i)eriod, same 

1882: 

First period, 3^ pounds cotton-seed cake,< 5^ 
X)ounds maize meal, 6$ pounds wheat chaff, 
and 4U pounds white turnips 

Second i)eriod. same 

1883: 

First period, 2.92 pounds cotton -seed cake, 
4.67 pounds maize meal, 5.83 pouuds wheat 
chaff, and 35 pounds white turnips 

Second i)eriod, same 

1884: 

First period, same as 1883 

Second period, same 

lS8.i : 

First period, 7.56 pounds cottonseed cake, 
10.25 pounds wheat chaff, and 40.98 pounds 
mauffel- wurzels 

Second period, 8.47 pounds maize meal, 10.6 
pounds wheat chan, and 42.35 pounds man- 
gel-wurzels 

Third period, 10.6 pounds wheat chaff and 

42.35 pouuds mangel- wurzels 

1884: 

First period, 7 21 pounds cotton-seed cake, 
9.77 pouuds wheat chaff', and 39.06 pouuds 
mangel wurzels 

Second period, 7.81 pounds maize meal, 9.77 
pounds wheat chaff*, and 39.06 pounds man- 
gel- wurzels 

Third period, 10.42 pounds wheat chaff and 

41.67 pounds mangel-wurzels 

1885: 

First period, 3.18 pounds cotton-seed cake, 
5.08 pounds maize meal. 6.36 pounds wheat 
chaff, and 38.18 pounds white turnips 

Second period, same 

1886: 

First period, 3^ pounds cotton-seed cake, 5| 
pounds maize meal, 8 pouuds wheat chaff, 
aud 42.19 pounds ruta-bugaa 

Second period, same 

Third period, same , 



Dura- 
tion of 



Num- 
ber of 
ani- 



Porio-i- mTu. 



Days. 
35 
35 



35 
35 



35 
35 



21 
21 



24 
24 

24 
24 



61 

59 
59 

64 

64 
60 



22 
22 



21 
21 
21 



4 
4 



4 
b2 



3 
3 



4 
4 



c3 
4 

4 
4 



2 
1 



2 

4 



a 

4 



4 
4 
4 



Average 

weight 

of 
animals. 



Pounds. 
1,086 
1,121 



1,032 
1,102 



1.343 
1,358 



Digest 

ible 

organic 

f I latter 

in 

daily 
ration. 



Average 

daily 

gain 

in live 

weight. 



Pounds. Pounds. Pounds, 



Digest- 
ible 
organic 
matter 
eaten 
per 
pouud 
of gain. 



1,064 



1,155 

1,214 
1,059 

1,119 



1,031 



1,033 
1,034 



1,110 
1,107 
1,105 



14.19 
14.10 



1,080 11.03 



11.03 



1, 146 9. 49 

1, 124 9. 49 

1, 044 10. 47 

1, 040 10. 47 



12.42 

13.79 
7.68 

11.97 



1, 100 12. 86 



7.55 



11.51 
11.51 



13.20 
13.20 
13. 20 



1.03 
2.02 



1.41 
1.41 



2.48 
2.07 



3.39 
2.67 



2.03 
1.96 

2.91 
1.76 



.72 

1.38 
.05 

1.63 

1.78 
—.33 



1.37 
1.25 



3.50 
3.11 
3.10 



13.80 
7.02 



3.25 
4.14 



4.68 
4.85 

3.60 
5.95 



17.42 
9.99 



7.37 
7.22 



8.42 
9.21 



3.77 
4.25 
4.26 



a Wheat chaff in the above experiments was assumed to contain 80.8 per cent of organic matter, 
swedes and mangel-wurzels 10.8 percent, and white turnips, where the composition is not given, 9.4 
per cent. 

b There were four animals in this experiment; one lost weight and one was teo wild to weigh, and 
both are excluded. 

c There were four animals in each of these experiments, bat in every case one was sick for several 
days and lost weight, and was excluded in making up results. 
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lu 1879, 1880, and 1881 the amounts of different kinds of feediug 
stuffs eaten were the same, i. e., 5 hundredweight of decorticated 
cotton-seed cake, 8 hundredweight of maize meal, 60 hundredweight of 
roots, aud 10 hundredweight of wheat-straw chaff, the kiud of roots or 
substitute for roots being different each year, as indicated in the table. 
During the experiments of 1882, the first series of 1883 and 1884, and 
those of 1885 the animals ate the same total amounts of foods, which 
were just one-half the amounts given in the experiments of the previous 
three years. 

In 1886 each lot of animals ate 2J hundredweight of decorticated 
cotton-seedcake, 4 hundredweight of maize meal, (> hundredweight of 
wheat-straw chaff, and MA\S hundredweight of rutabagas. The bul- 
locks were 3-year-old Ilerefords, and the first two lots were fed tied up in 
the feeding boxes, as in all the previous experiments, while the third 
lot was fed loose in an open yard. It is believed that no difference in 
the gains could be attributed to the different conditions of feeding. 
The first lots of bullocks in the second series of experiments in 1883 
and 1884 each consumed 923 pounds of decorticated cotton cake, 1,250 
pounds of wheat-straw chaff, and 5,000 pounds of mangel- wurzels; the 
second lots, 1,000 pounds of maize meal, 1,250 pounds of wheat-straw 
chaff, and 5,000 pounds of mangel- wurzels, respectively; the third lots, 
1,250 pounds each of wheat-straw chaff and 5,000 pounds of mangel* 
wurzels. The gains in these experiments clearly show the value of the 
additional foods (cotton-seed cake and maize meal), the straw chaff and 
mangel- wurzels not proving sufficient to maintain the original body 
weight. The gains in these experiments, taken as a whole, are quite 
wide for the foods to have been the same. 

AMERICAN EXPERIMENTS. 

Gulley and Curtis,^ at the Texas Station, in three years' experiments 
in fattening 160 Texas steers and 8 cows on cotton-seed products in 
different rations, in comparison with each other and with corn, obtained 
results in all cases indicating the superior feeding qualities of cotton- 
seed products over corn in rations with hay, silage, or hulls. Eations 
of cotton-seed hulls and cotton-seed meal,^ or the former with silage 
added, were concluded to be best for long periods of fattening, eighty 
days and over, as they produced larger gains and more continuous growth 
and fattening than others. Kations of cotton seed, especially boiled, with 
silage, and of cotton seed, corn, and hay gave cheaper and more rai)id 
gains for short periods (about thirty days), but they loaded the animals 
with fat so quickly that the rate of laying on flesh was greatly decreased, 
and the beef was not considered so good. Cottonseed meal was con 
sidered better for feeding with silage or silage and hulls than cotton. 



1 Texas Sta. Buls. 6, 10, and 27. 

^These rations were made up practically of 3 and 2.6 pounds of hulls to 1 of meal, 
the latter having a nutritive ratio of 1:3.68. (See exclusive cotton-seed huU and 
me£j feeding.) 
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seed, as it was believed that cotton seed charged the animal with fat 
and stopped growth, while meal accelerateil it. Cotton-seed meal pro- 
duced greater gains at greater cost. Cotton-seed hulls at $3 \^r ton 
gave better results than silage at $2 ; raw and boiled cotton seed at 
§7 made much cheaper but smaller gains than cotton-seed meal at $20, 
and- the hay and corn rations were the dearest ones fed. 

From the third year's experiments at tbe Texas Station, Connell and 
Carson^ conclude that boiled and roasted cotton seed are more palata- 
ble, less laxative, and produce more rapid gains than raw cotton seed, 
but that the latter makes the cheapest gains; and that roasting seed 
does not repay the exi)ense. 

An 8-year-old grade Shorthorn steer at the Alabama Station- made 
a better gain on cotton-seed meal and cotton-seed hulls than a 10-year- 
old steer on cotton-seed meal and hulls and mixed hay, and the latter 
a better gain than a 3 to 4 year-old steer on corn meal and cowpea-vine 
hay. Cotton-seed hulls were better relished by them than cowpea- 
vine hay. 

Miller,' at the Maryland Station, found corn-aud-cob meal, cotton-^ 
seed meal, and wheat bran (15, 4, and 2 parts of each, respectively), 
which formed a "well-balanced ration" with coarse foods, to produce an 
average daily gain of 2.78 i)ounds against a gain of 1.70 pounds, at 
greater cost, on com-and-cob meal, which formed a "poorly balanced 
ration'' with the same coarse and carbonaceous foods. The beef from 
the well-balanced ration was more even and of better quality. 

In four years' experiments at the Pennsylvania Station* mixtures of 
corn meal and cotton-seed meal with coaise foods produced better and 
cheaper gains than corn meal alone with the same coarse foods, cotton- 
seed meal replacing more than its own weight of corn meal in the 
rations and reducing the amount of food required to produce a pound 
of gain. 

The Arkansas Station ^ found that cotton-seed hulls and nieaP (3.3 to 
1) produced cheaper and more rapid gains than raw seed, hulls, and 
cowi^ea-viue hay, the latter cheaper but slower gains than cottonseed 
meal with the same coarse foods, and each of these gave better lesults 
than raw seed and cowpea-vine hay. Cotton-seed meal produced faster 
gains in all cases than raw seed. 

Nourse"^ found that whole corn or corn meal in rations with silage 
and hay produced better and more economical gains than combinations 
of equal parts of corn or corn meal and cotton-seed meal, corn meal and 
wheat bran, or cotton-seed meal and wheat bran. The gains in weight 

1 Texas Sta. Bui. 27. 

2 Alabama Canebrake Sta. Bui. 8. 

3 Maryland Sta. Bui. 22. 

^Pennsylvania Sta. Buls. 6, 10, and 12 (old ser.). 

» Arkansas Sta. Rpt. 1890, p. 134. 

^For this ration see exclusive cotton-seed bull and meal feeding. 

^Virginia Sta. Bui. 3. 
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cost from 9.2 cents i)er i)ound on the widest ratio to 27.2 cents on the 
narrowest. These gainscostfarmore than they sold for, but theincreased 
quality of the whole animal more than compensated forit. Jordan,^ at the 
Maine Station, com])ared equal weights of corn meal and cotton-seed 
meal in rations with other foods for young steers, and found the growth 
to be practically the same on the two rations. Rations of cotton-seed 
meal with other foods were fed to 1 and 2 year-old steers at the 
Massachusetts State Station^ without very remunerative returns. 
Combinations of corn meal and cotton-seed meal were compared at the 
Pennsylvania Station** with corn meal alone, in rations with the same 
coarse foods, with results ftivorable in one case to cotton-seed meal and 
in another to corn meal, but the results as a whole, especially when 
manurial values are considered, were favorable to cotton-seed meal. 
The Maine Station* obtained cheaper giowth on equal weights of corn 
meal and cotton-seed meal with out straw than on the same amounts of 
corn meal with hay; and in another ex])eriment^ cotton -seed meal sub- 
stituted for a portion of the corn meal in moderate rations with hay or 
oat straw diminished the cost and amount of food required to produce 
a pound of gain. 

The data upon which this discussion is based are summarized in the 
following tables: 

I. — Results of feeding cotton-seed products f&i* beef production. 



Ration. 



Dura- 
tion of Num- 
])eriocl her of 
of ex- I ani- 
peri- : mals. 
ment. 1 



TEXAS STATION EXPERIMENTS, (tt) 

Old eowa. 



4.74 pounds boiled cotton seed, 4.02 pounds cot- 
ton-seed meal, 11,93 pounds silage, 6 pounds Days. 
com fodder { 48 

3 to 4 year-old Texa^ ateera. 

5.97 pounds cotton-seed meal, 22.7 pounds silage, 
3.07 pounds hav 

9.19 pounds boiled cotton seed, 20.19 pounds si- 
lage, 2.30 pounds hay 

7.15 pounds raw cotton 8ee<l, 18.80 pounds corn 
silage, 2.36 pounds hay. 



4.39 pounds cotton-seed meal, 20.76 pounds com 
silage, 1.89 pounds hay, 8.63 pounds com -and- 
cob meal 

5.85 pounds cotton-seed meal, 12.95 pounds com 
silage 

8.09 pounds hay, 16.39 pounds ear com 



10 Texaa steers, and S grades in pens. 

5.56 pounds cotton-seed meal, 13.31 pounds cotton- ' 
seed hulls, 20.52 i)ounds corn silage i 



13 
a Texas Sta. Buls. 6, 10, and 27. 



83 
83 
83 

83 

80 
83 



81J 



8 



6 
6 
6 

6 

6 
11 



Average 

live 
weight 

of 
animals. 



Pounds. 



Total 

daily 

ration. 



Average 
daily 

gain in 
live 

weight. 



Pounds. Pounds. 
2.67 

2.05 
2.08 
1.80 



2.37 

2.20 
2 



788 


26.69 


781 


31.74 


863 


31.68 


901 


28.31 


906 


35.67 


810 
834 


30.15 
24.48 


830 


39.39 



Cost of 

food per 

pound 

of gain. 



3.30 



Cents. 
3.14 



4.47 
2.85 
2.86 



3.93 
5.50 



2.95 



i Maine Sta. Rpt. 1890, p. 71. 

2 Massachusetts Sta. Rpt. 1892, p. 92. 

sPennsylvania Sta. Rpt. 1886, p. 228. 



^Maine Sta. Rpt. 1886, p. 73. 
^Maine Sta. Rpt. 1887, p. 89. 
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I. — Besults of feeding cotton-eeed products for beef production — CoDtinued. 



Ration. 



TEXAS STATION EXPERIMENTS (o)— Continued. 

4 to 6 year-old Texas steers in pens. 

5.45 x)onnd8 raw cotton seed, 11.68 pounds com 
silage, 4.69 pounds bay, 6.15 pounds coru-uud- 
cob meal 

4.33 pounds boiled cotton seed, 7.49 pounds hay, 
ana 15.33 pounds corn-and-cob meal 

5 toS year-old Texas steers in pens. 

4.78 pounds cotton-seed meal, 7.81 lbs cotton- 

seecl hulls, 17.81 pounds corn silau;e 

6.68 pounds roasted cotton seed, 3.71 pounds hay, 

5.06 pounds corn-and-cob meal 

7.89 pounds boiled rottou seed, 3.38 pounds hay, 

5. 10 pounds corn-and-cob meal 

5.50 pounds raw cotton seed, 4.26 pounds hay, 

5.07 pounds corn-and-cob meal 

5.39 poands hay and 13.02 pounds com-and-cob 

meal 



Dura- 
tion of 
period 
of ex- 
peri- 
ment. 




Total 
weight daily 
of j ration. 



Days. 

79 

79 



Sand 3 year-old Shorthoni and Hereford grades 
fed in pens. 

4.07 pounds cotton-8ee<l meal, 16.59 pounds cotton- 
seed hulls, 4.97 pounds c<>rd-and-cob meal 

5.91 pounds cotton-seed lueal, 13.83 pounds cotton- 
seed hulls, 6.31 pounds hay 

6.22 pounds cotton-seed meal, 19.62 pounds cotton- 
seed hulls, 0.57 pint molasses 

7.97 pounds boiled cotton seed, 9.18 pounds corn 
silage, 3.11 pounds corn fodder, and 0.31 pound 
hay 

3 59 pounds cotton-seed meal, 23.99 pounds corn 
silage, 4.22 pounds corn-and-cob meal 

7.61 pounds boiled cotton seed, 22.42 pounds corn 
silage, 0.40 pound hay 

5.64 pounds cotton-seed meal, 37.79 pounds corn 
silage, 0.32 pint molasses 



PENNSYLVANIA STATION EXPERIMENTS. (6) 

Western steers. 

8.95 pounds cotton-seed meal, 6.27 pounds corn 
fodder, 9.85 pounds corn meal 

6.15 pounds corn fodder, 15 pounds com meal 

4.12 pounds cotton-seed nieal, 3.50 pounds corn 
foader, 10.37 pounds corn meal 

3.50 pounds corn fodder, 18 pounds corn meal 

4.12 pounds cotton-seed meal, 8 pounds hay, 10.37 
pounds com meal '. 

8 poands hay, 18 pounds corn meal 



Pennsylvania steers. 

4 pounds cotton-seed meal, 8.5 pounds corn fodder, 
8 pounds corn meal 

5 pounds corn fodder, 15.65 pounds com meal 



2 and 3 year old steers (2 of each). 

3 pounds cotton-seed meal, 3.88 pounds com fod- 
der, 6 pounds corn meal 

2.12 pounds corn fodder, 12 pounds corn meal 

3 pounds cotton-seed meal, 10 pounds hay, 6 
pounds corn meal * 

9.77 pounds hay, 12 pounds corn meid 



83i 
83^ 
83i 
83i 
83i 



90 
90 
90 

90 
90 
90 
90 



97 
97 

49 
49 

42 
42 



84 
84 



28 
28 

28 
28 



9 
3 



12 
12 
12 
12 
12 



4 

8 
7 

6 
4 
6 
4 



2 
2 

2 
2 

2 
2 



2 
2 



4 
4 

4 

4 



Average 

daily 

gain in 

live 
weight. 



Cost of 
food per 

pound 
of gain. 



Pounds. Pounds.] Pounds. Cents. 
774 27.97 , 2.81 I 2.67 



753 27.15 



625 


15.15 


619 


16.37 


633 


30.40 


586 


14.83 


604 


18.41 


885 


25.63 


833 


26.05 


909 


26.41 



831 



1,214 
1,214 

1,225 
1,205 

1,342 
1,327 



1,035 
961 



955 

989 

1,020 
1,055 



a Texas Sta. Buls. 6, 10, and 27. 

h Pennsylvania Sta. Buls. 6, 10, and 12, old ser. 



874 20.57 

774 I 31.80 

I 

838 30. 43 



43.75 



20.07 
21. 15 

17.99 ; 
21.50 , 

22.49 
26 



20.50 
20.65 



12.88 
14.12 

19 
21.77 



2.95 



2.29 
2.39 
2.72 

1.79 
1.82 
1.82 
2.22 



1.94 
1.35 

1.43 
1.98 

2.02 
2.26 



1.55 
1.04 



1.74 

1.78 

2.05 
1.47 



3.86 



2.21 


3.29 


2.26 


3.23 


2.28 


3.41 


2.07 


2.90 


1.89 


4.68 



4.09 
4.13 
3.89 

2 55 
4.60 
2.70 
4.47 



12.50 
17.77 

14.60 
12.51 

11.66 
12.08 



14.61 
24.84 



0.20 
6.20 

7.20 
10.86 
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I. — Results of feeding cotton-seed products for heef production — Continued. 



Kation. 



Dura- 
tion of 
]>oriod 

of «'X- 

jK*ri- 

llU'Ut. 



Num. ^Vr.^?e« 



bV; of »^y^.. i T^4fl daily 



^J%^^^ Cost of 



foo<l i)er 



MABVLAND STATION EXrEKIMKXTS. (ff) 

3-year-old grade Shorthorntt. 

2.50 pounds cotton- seed menl, 12.20 poniids rom 
fo(fder, 9.36 pounds com-and-cob meal and 
0.50 ])int moiasHes, 1.25 jioiindH corn meal, 9.3:{ 
pounds roots 

11.50 pounds corn fodder, 10.00 pounds <'om-and- 
cob meal and 0.27 pint molasses, 9.33 pounds 
roots 



ALABAMA STATION EXPEBIMENT8. (&) 

10 to 12 year old work oxen. 

7.17 pounds raw cotton seed, 20.64 i>ounds hay 
with some cotton -seed hulls mixed with it 

3.71 pounds cotton-seed meal, 24.94 pounds hay 
with some cotton-seed hulls mixed with it 



S to 4 year old iteerg. 
21.45 pounds ha3% 3.26 pounds corn meal 

ABKANBA8 STATION BXI'BKIMENTS. (c) 

2 to 2J year old steers. 

3.40ponnds raw cotton seed, 14.48 pounds cowpea- 
\ine hay 

3.44 pounds raw cotton seed, 11.35 pounds cotton- 
seed hulls, 8.07 pounds cowi>ea-vine hay 

4.55 pounds cotton-seed meal, 14.79 pounds cotton- 
seed hulls, 10.44 pounds cowi)ea-vine hay 



^ -"'r ^L ^r s 

weight. .®' Sa»u- 



mals. 



animals. 



Ihiyx. 
90 



90 



105 
105 

105 



90 
90 
90 



1 



2 

2 
o 



1. 113 35. 14 



1,062 32 



1, 328 27. 81 



2.78 



1.70 



1 ; 1,422 28.65 



990 24. 71 



I 



718 
798 
831 



17.88 
21.86 
29.78 



.22 
1.83 

1.71 



I 
I 
Pounds. Pounds. Pounds. Cents. 



7.05 



8.59 



54.29 
7.56 

7.55 



1. 92 4. 99 

1.95 3.27 

2.45 4.68 



a Maryland Sta. Bui. 22. h Alabama Canebrake Sta. Bui. 8. c Arkansas Sta. Rpt. 1890, p. 134. 

II. — Results of feeding cotton products. 



Bation. 



MISSOURI STATION EXPEBIMENTS. (a) 

2-year-old Shorthorn steers. 

1.36 pounds cotton-seed meal, 2.66 

Counds wheat bran, 2.32 pounds 
ay, 53.2 pounds silage, 0.09 pound 

straw 

1.36 pounds cotton-seed meal, 2.66 
pounds wheat bran, 4 pounds hay, 
2 pounds straw, 12.68 jmunds com 
fodder 



MASSACHUSETTS STATE STATION EX- 
PEBIMENTS. (&) 

2-year-old grade Shorthorns. 

3.22 pounds cotton-seed meal, 3.22 
pounds wheat bran, 7.49 pounds 
nay, 7.07 pounds sitage, 15 pounds 
roots, 1.07 pounds barley straw, 
4.04 pounds clover and hay, 1.48 
pounds barley meal 

a Missouri Sta. Bui. 8. 



Dura- 



Num 
ber of 



Aver- 
age 



Digest 

ible 

organic 



Nutri- 
tive 



Aver- 
daily 



tion of "^' ."^ j weight i "' »" l' " r ' • "v 

period. »°J- ofani |."'***^^^^V?«f g*?"^*^ 
^viivu. maig I "^°^'^' lin dailyi ration, i live 

weight. 





lUMXO. 1 


Days. 
49 


3 


49 


3 


153 


2 



mals. 



ration. 



Pounds. Pounds, 
991 



985 



1,106 



1:4. U 



Digest- 
ible 
organic 
matter 
eaten 
per 
pound 
of gain. 



Cost of 
food 
per 

pound 
of gain. 



Pounds [Pounds. Cents. 
1.49 



1.34 



1.67 




13.60 



ftMassachnsetts State Sta. Rpt. 1892, p. 92. 
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IL'^Besults of feeding cotton products— Continued. 



Bation. 



Dora- 



Nam 
l)erof 



Aver 
ape 



DigeRt- 

ible 
or^nic 



Nutri- 
tive 



Aver- 

afcv 

(luilv 



tionof *'^'."* weight "'>'«'"'^, ";«' ^! "«»•> 

period. *°;- , of aui- ™"^*?,^ ^*1V^ «f gajn in 
*^ *""• mala. ' ,. "i" in daily ration, live 



uials. 



MASSACHUSETTS STATE STATION EX- 

PEKIMENTS (a)— continued. 

l-yeoT'Old grade Shorthorn*. 

2.57 pounds cotton-seed meal, 2.86 ^ 
pounds wheat bran, 6.06 pounds 
Lay. 4.74 poundn silase, 5.71 pounds 
roots. 0.64 pound barley straw, 3.19 Day*. 
pounds mixed fodder ' 188 



MAINE STATION EXPERIMENTS. (&) 

1 and 2 year old steers. 

1.75 pound ■« rotton-fleed meal. 1.75 
pouTrds com meal. 14 ])oiinds oat 
straw 

3.5 pounds com meal, 14 pounds haj'-l 

VIBGINIA STATION EXPEBIMENTS. (C) 

S\'y ear-old steers. 

6 pounds cotton-seed meal, 6 pounds 

wheat bran, 1 Q.28 pounds hay 

6 ]>ounds cottou-8cea meal, 6 juiunds 

corn meal. 9.07 pounds liay 

4 pounds cotton-seed meal. 6 pounds 

corn meal, 15 pounds roots 

6 i)onnds eotton-seed meal, 6 pounds 

wheat bran, 7.43 pounds hay, 10 

pounds silage 

12 ]H)unds corn meal, 6.21 pounds 

hay, 10 pounds silage 

6 pounds com meal, 6 pounds wheat 

bran, 9 pounds hay 



PBNNSTLVANiA STATION EXPEBI- 
MENl-S. (d) 

2-year-old steers. 

3 pounds cotton-seed meal, 7 pounds 
com meal, 4.36 pounds hay, 1.20 
pounds corn fodder 

12 pounds corn meal, 4.36 pounds 
hay, 1.12 pounds corn fodder 



S-year-i Id steers. 

4.50 pounds cotton-seed meal, 10.50 
pounds com meal, 6.48 pounds hay, 
1.52 pounds corn fodder 

17 pounds corn meal, 6.48 pounds 
hay, 1.58 pounds corn fodder 



4-year-old steers. 

18 pounds corn meal, 7.27 pounds 
hay, 1.65 pounds corn fodder 

4.80 ^pounds cotton-seed meal, 11.19 
pounds corn meal, 7.27 pounds hay, 
1.72 pounds com fodder '. . . 



t and S year old grade Shorthorn 
steers. 
First period : 

2.90 pounds cotton- seed meal, 
6.09 pounds com meal, 6.60 

pounds com fodder 

11.73 pounds corn meal, 5.11 
pounds com fodder 



132 
132 



35 
35 
35 

28 
28 
35 



a Massachusetts State Sta. Kpt. 1892, p. 92. 
h Maine Sta. Kpt. 1886, p. 73. 



2 
o 



2 
2 
o 



2 
o 



daily 
ration. 



rounds. Pounds. 

747 11: 3.76 



77 


2 


77 


2 


77 


2 


77 


2 


77 


2 


77 


2 


19i 


4 


19i 


4 



835 
808 



1,172 
1,273 , 
1,277 . 

1,327 '. 
1,233 . 
1,253 , 



771 

782 



1,256 
1,270 

1,384 
1,335 



925 
883 



Digest- 

ible 

organic 

matter 

eaten 

pi-r 



Cost of 
food 
pt^r 

pound 



weight.; p^und ^^^f^^'^ 



of gain. 




8.61 .1: 8.44 
8.95 1:11.82 



I 



1: 3.45 
I: 3.65 
1: 4.30 



10.20 1: 5 
11.89 1: 9.90 



15.10 1: 5.10 
17.05 1:10 



18.30 



16.76 



1: 9.30 



1: 5.80 
1:13.50 



.90 
1.08 



.63 
.86 
.90 



1: 3.85 I .86 
1: 9.10 1.82 
1: 7 .80 



2.11 
1.85 



1.88 
1.85 



2.10 



1: 5.30 ; 1.14 



.96 
1.06 



Cents. 
! 12. 67 



9.57 

8.28 



8.03 
9.21 

8.71 
14.70 



9.70 
12.60 



27.20 
19.20 
19.20 

18.80 

9.20 

22.40 



4.83 7.80 

6. 42 10. 10 



12.90 
14.50 

13.80 
23.30 



12.07 
11.12 



c Virginia Sta. Bui. 3. 

d Pennsylvania Sta. Bui. 10 ; Rpt. 1886, p. 228. 
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II. — Results of feeding cotton products — C-ontinued. 



Ration. 



PENNSYLVANIA STATION EXPBBI- 

MKNTft(a)— j'ontiiiiH'd. 

2 and fi year old grade Shi/rthorn 
steert—Contin ihmI . 

Second period : 

2.63 pounds cotton-seed meal, 
5.27 pounds corn meal, 8.86 

pounds hay 

10.46 pounds corn meal, 7.97 
pounds hay 



MAINE STATION EXPERIMENTS, (h) 

6 to 8 months old Hereford. Shorthorn, 
and JloUtein steers (J of each in 
each experiment). 

1.16 pounds cotton-seed meal, 1.16 

1>ouu<l8 wlieat hran, 9.65 pounds 
lay, 8.02 pounds silage, 1.16]>ounds 

ground oats 

1.16 pimnds corn meal. 1.10 jiounds 
wheat hran, 9.63 poun<ls hay, 7.85 
pounds silage. 1.16 pounds ground 
oats 

18-month-old steers. 

3.50 pounds corn meal, 12 pounds hay. 
1.50 pounds cott<m-8eea meal, 2 

pounds com meal, 12 pounds hay.. 
3.50 pounds com meal, 12 pounds hay . 
2 pounds cotton-seed meal, 5 pounds 

corn meal, 10 pounds hay 

2 pounds cotton-seed meal, 3 ))onnds 

corn meal, 12 pounds oat straw 



Dura- 
tion of 
I)erio<l. 



. . Digest - 

Num- ^'''^^' I ible Xutri 
iM^rof _.„f„},* (»rganic tive u«x.v 
ani- of ani matter ; ratio of gain m 
malH. „ "i° in dailvi ration, live 
, '"^'*- ration.! weight. 



Aver 

age 

daily 



Days. 
31i' 
I 
29^ 



233 



233 



69 

69 
69 

69 

69 



2 
2 

2 

2 



Pounds. J'ovnds.' Pounds, 

4 ; 979 1 : 6. 30 1. 23 



932 



1:10.80 1.24 



585 



582 


7.73 


742 


8.04 


803 
908 


7.90 
8.04 


839 


9.64 


781 


8.18 



7.70 1: G.70 1.65 



1.64 



Diffest- 
eaten 



per 



l>er 
pound 



pound "*' «**°- 
of gain. 



Pounds. Cents. 
10.53 



11.51 



4.66 



4.70 



1:13.10 

1: 7 
1:13.10 

1: 6.20 

1: 0.80 



61 I 13.18 



1.15 
.11 

1.80 

1.08 



6.87 . 
73. 10 I 

5.35 ! 

. 7.57 , 



16.55 

8.98 
9.38 

7.53 

7.41 



a Pennsylvania Sta. Bui. 10; Rpt. 1886, p. 228. h Maine Sta. Rpts. 1887, p. 89; 1890, p. 71. 

III. — Prices per ton of the feeding stuffs used in the above experiments. 









Stati< 


ms 

IN 

1 


. 






Feeding stuffs. 


Maine. 


Massa- 
chusetts. 


Maryland. 


snnsyl- 
rania. 


Texas. 


Virginia. 


Com 






1 
1 


a$14. 28 




Com meal 


r$22.50 
\ 24.00 


\ 


$18. 50 
2.50 


• 


[$27. 20 
30.00 
26.00 
18.00 

.^. 00 


$20.00 


Corn fodder 


/ 

$12. 00 






Cotton seed : 

Raw '. 






7.00 

9.00 

10.00 

20.00 

3.00 




Boiled 












Roasted 












Cotton-seed meal 


/36. 66 
\26. 00 


} 27. 50 


29.50 




25.00 


Cotton-seed hulls 






Oats 




30.00 
23.50 

} 15.00 

5.00 
2.75 
7.00 






Wheat bran 




•*• ' >.•>>• 




20.00 


Hay 

Straw 


* ji'i.ho 
tio.oo 

6.00 


^^•^"l \13.00 


} 6.00 


10.08- 


Corn silaee 






2.00 


2.50 


Roots 




3.00 




5.00 













a Forty cents per bushel. 
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Exclusive cotton-seed hull and meal feeding. — The practice of fattening 
steers on a diet made up exclusively of cotton-seed bulls and meal com- 
menced about 1883. The business has so ^own that it is estimated* 
that 400,000 cattle were probably fattened at and in the vicinity of the 
oil mills of the South in the season of 1893-94, besides large numbers 
of sheep. It is also likely that 100,000 to 150,000 milch cows were fed 
on rations made up quite largely of cotton-seed hulls and cottonseed 
meal. The ration for fattening cattle is 3 or 4 pounds of meal at first, 
which is gradually increased to G, 8, and even 10 pounds per head per 
day, and all the hulls they will eat. The proportions vary from 2 to 6 
pounds of hulls to 1 of meal. Probably the ration at present most com- 
mon is 4 pounds of hulls to 1 of meal. The feeding is continueil from 
90 to 120 days. 

Emery ,^ at the North Carolina Station, fed eight native and grade Short- 
horn steers, loose and tied up in stalls, on rations of cotton -seed hulls and 
meal (3 to 5.G of hulls to 1 of meal) with fair gains and the production of 
beef of good quality. There was little difference in feeding steers loose 
and tied up, but natives paid better than grades, and 2-year-olds better 
than 3-year-olds. Chamberlain,^ at the same station, fed three old steers 
6 pounds of cotton seed meal and 18 to 20 pounds of hulls per head 
per day in the months of May and June without injury to health. In 
cold weather the same author* fattened four 2-year-old steers on hulls 
and meal (4 to 1) with good and profitable gains, though the diges- 
tion of the animals appeared to be somewhat impaired after 84 days' 
feeding. He calculated this ration, 4 of hulls to 1 of meal, to have 
a nutritive ratio of 1:5.12, while actual digestion^ of the ration gives 

1 : 7.55. 

A 3-year-old steer and a heifer^ gained an average of 2.09 pounds per 
day in 81 days' feeding at the Korth Carolina Station on a ration of 4.3 
pounds of hulls to 1 of meal; and 2 steers^ gained 2.24 pounds per 
head daily on 3.3 pounds of hulls to 1 of meal during 41 days' feeding 
in cold weather. The cost of food per pound of gain was 4.06 and 4.50 
cents, respectively. A single steer^ made a gain of 2.39 pounds per 
day in 59 days' feeding on a ration of 2.2 pounds of hulls to 1 of meal 
in hot weather without injury to health and at a cost of 3.71 cents per 
pound for food. This latter ration had a nutritive ratio of 1 : 4.07. The 
heaviest feeding of cotton-seed hulls and meal anywhere reported has 
been done at the North Carolina Station,^ where two mature steers 
averaging 1,065 pounds live weight were fed an average of 16.4 pounds 



^ D. A. Tompkins in Manufacturers^ Record, 1894, p. 257. 

2 North Carolina Sta. Bui. 93. 

3 North Carolina Sta. Rpt. 1889, p. 117. 
* North Carolina Sta. Bui. 81. 

6 North Carolina Sta. Bui. 87df. 
6 North Carolina Sta. Bui. 81, p. 11. 
7 North Carolina Sta. Bui. 81, p. 21. 
« North Carolina Sta. Bui. 111. 
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of cottonseed hulls and 8.7 pounds of meal per day for 9G days (practi- 
cally 2 of hulls to 1 of meal, with a nutritive ratio of 1:3.72); and two 
2J to 3J year old steers weighing 1,000 pounds ate an average of 13.6 
pounds of bulls and 9.1 pounds of meal per day for 142 days (IJ of 
hulls to 1 of meal, with a nutritive ratio of 1:3.29). These animals 
were considered fat for the Raleigh market when the feeding com- 
menced, and yet they gained an average of 1.7 i)ounds per head daily 
for the entire period on the two rations, ate the rations with relish, 
remained in good health, and produced beef of excellent quality, as 
compared with the average of the season. This was not prolitable 
feeding, though paying gains were made for 40 to GO days. The feed- 
ing was continued beyond this for observation of the effect of the 
heavy feeding and for other purposes. 

The Texas Station ' fed rations of 3 and 2.6 pounds of hulls to 1 of 
meal in long periods with better gains than on any other rations. The 
Alabama Station^ fed 4 to 4.0 pounds of hulls to 1 of meal to old (8 to 
18 years) and young steers, with good gains in all cases, but the only 
profitable gains were with young animals. 

At the Arkansas Station^ a ration of 3.3 pounds of hulls to 1 of meal 
produced faster and cheaper gains than any other combinations of feed- 
ing stuffs, and beef of as good quality. 

The data relating to the foregoing experiments with exclusive feeding 
of cotton-seed meal and hulls are shown in the following table, the 
digestible matter* in the rations being calculated by using the coeffi- 
cients for rations of hulls and meal nearest to their proportions: 

Exclusive cotton-seed hull and cotton-seed meal feeding for beef production. 



Ration. 



Dura- 
tion of 
period. 



NORTH CAROLINA STATION EXPERI- 
MENTS. 

S and 3 year old native and grade 
Shorthorn steers, (a) 

Fed loose in ntalls on 17.97 pounds 
cotton-seed hulls, 4.23 pounds cot- 
ton-seed meal 

Fed tied up 18.05 pounds cotton- 
seed hulls, 4.14 pounds cotton -seed 
meal 

Grade steers used in No. 1. 

19.73 pounds cotton-seed hulls, 4.34 
pounds cotton-seed meal 



Days. 

100 



100 



Num- 
ber of 
ani- 
mals. 



Av«r. ^^'gest- 

ale ' *^^*^ 
l-elghto^gamc 

I of am 



4 

4 



100 



mala. 



Pounds 
896 



896 



matter 
in daily 
ration'. 



Nutri- 
tive 
ratio of 
ration. 



979 



Pounds. 
9.86 



9.63 



11.24 



Aver- 
ago 
daily 
gain in 
live 



Digest- 
ible I 
organic 
matter 
eaten 
per 



Cost of 

food 

per 

pound 

weight., pound "f i?am. 

of gain. 



1:8.34 
1:8.47 



1:8.41 



Pounds. 
1.85 



1.73 



1.70 



Pounds. 
5.33 



5.56 



6.61 



Cents. 
&3.48 



&4.03 



54.16 



a North Carolina Sta. Bui. 93. 

b Cotton-seed meal valued at $24 and cotton-seed hulls at $2.50 per ton. 



I Texas Sta. Buls. 6 and 10. 

^Alabama Canebrake Sta. Buls. 8 and 15. 

3 Arkansas Sta. Rpt. 1890, p. 134. 

••North Carolina Sta. Buls. 81d, 97, and 118. 
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^a 



Eicimmwe cotta m tied hmU mmd cottau'^eed mtemlfdedim^ /wr krn^a 



Eatioii. 



Dora- 
lion of 
period. 



Xom- 

berof 

ani- 



2COBTH CABC>U>A >TAT10X EXPEBl- 

MS3rn» — coniinned. 

Xatirt *Ufr$ M»td in .Vo. 1. 

16.59 poonds cotton -scied holla, 3.48 
poonds cotton-seed meal 

S-yemr-^id tterrt %u<d in Xo. 1. 

18 Sc" poondA cotton seed halls, 4.14 
pooudd cotton-seed meal 

2-year<id tteert u»ed in .Vo. J. 

17.34 ponndit cotton-seed holla, 3.97 
poNUid]* i-otton-seed meal 

: year-old kUen. <&• 

17.M iMiuniU cotton-see*! hall». 4.36 
pounds cotton-iieed meal 

S-year-old steer and heifer. 

17.23 poondfi cotton-seed holls, 5.27 
poniids cotton-seed meal 

Steerg in *taU$. 

24.N« pound** cotton-seed hulls. 5.S5 
jioands cotton-seed meal 



Days 

iw 



IM 



100 



SUer in ttali. 

13.10 {Hmods cottonseed hulls. 6.03 
pounds cot ton -seed meal 

Mature steers, (di 

Fed tied up 16.44 pounds cotton-seed 
hulls. 8.71 p4»unus cotton-seed meal. 

i^l to J J year old steers. 

Fed tied up 13.45 ]>ounda cotton-8ee«l 
hulls. 9.U8 pounds cotton-seed meal. 

TEXA.S ST.\TIOX EXPERIMENTS. 

S and 3 year old nrade Shorthorns, {e) 

Fed in iK*n 17.38 pounds cotton-seed 
hulls. 5.93 pounds cotton-see<l meal. 

3 and 4 year old Texas steers, (p) 

Fed in pen 16.38 {Kiunds cotton-seeil 
hulls. 0.;j4 pouuds cotton-setnl meal. 

ALAKA.MA STATION EXPERIMENTS. 

8-year-old grade Shorthorn, {h) 

35.39 pounds eotton-8ee<l hulls, 7.61 
pounds cotton -seed meal 

IS year-old work oxen, (j) 

20.78 pounds eotton-sood hulls, 4.95 ' 
pounds cotton-seed meal ..'. 

2^y ear-old grade Holstein steers. 

18.47 i)ounds cotton-soed hulls, 4.50 , 
pounds cotton-seed meal 



s4 



Jil 



41 



59 



97 



136 



90 . 



83 



ARKANSAS STATION EXPERIMENTS. 

S to 2Ji year old steers. (A) 

19.24 pounds cotton-seed hulls, 5.75 
pounds cotton-seed meal 



105 



84 



84 



90 



6 



o 



a Cotton seed meal valued at $24 and cotton-soed 
hulls at $2.50 per ton. 

i/ North Carolina Sta. Bui. 81. 

c (Jottou-seed meal valued at $24 and cotton seed 
hulls at $3. 50 i)er ton. 

d North (;arolina Sta. Bui. 118. 

e Texas Sta. Bui. 10. 

/Cotton-seed meal valued at $20 and cotton-see<l 
hulls at $3 per ton. 



Arer- 



A*^C* 



Dt.£W«- 

of iii- -»""-« ^*«^ vt ^^ 3» 



4^N 









i!*^ 



4 »$ ».43 t;5.» t AS ^Hf «j;<$ 



4 MS i«^r4 I nh : rt i^^ «^» 



I»i5 ;)Li» l:^dJ^ 



9W 10LT4 1.7 N3. 






Sitf aJi.r' 



*/.* 



.^M" 



A»l U.l^ t::v>«^ tA# ,^» Jl^^i 



1.3^^? i4.*7 ur.K tij« ^\v «4>^ 



1 «^» !i».4« i.4.o: r.5* 



2 1,4*5 12.40 1:31.7:* 



1.0i« 11.36 l;.\» 



k:,n 



1.71 



** *,^ :\ 



: 10 v^: « 



*.<^4 ,•: *i 



817 



842 



11.09 l:3.<« 



3.» .rJlvTa 



2.4;) 



4,,\6 /:i,*;l 



1.485 



1,150 



751 



2 712 






1.2t» 



ta» Ota 



♦ 6,39 






♦ H.47 



iU.UA 



2.40 



.7 Texas Sta. Bui. fl. 
h Alabama Canehrake Sta. Hul. H. 
i Cotton seed meal valued at $20.90 and eoMou- 
seed hulls $5 per ton. 
j Alabama (.*aiud)rako Sta. Hul. 15. 
k Arkansas Sta. Kpt. 1890, p. 135. 
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Exclusive cottonseed meal and corn-silage rations were compared at 
the North Carolina Station* with exclusive feeding of cotton-seed meal 
and hulls with the result that silage was found to be worth about $1 
per ton as compared with hulls at $2.50. Other rations^ of cotton-seed 
meal and corn and sqja-bean silage produced good gains, but at greater 
cost than hulls and meal alone. The results of these trials of cotton- 
seed meal and silage are summarized below : 

Exclusive cottori'Seed meal and corn-silage feeding for heef production. 



I 



Ration. 



Num 



Aver- 
tionof ^l?^ wonjht ^??°'*' 



period 



ani- 
malH, 



DiceHt- 



iceHt 
iblo 



, of ani 
mala. 



raatUr 
in daily 
ration. 



2 and S year-old grade Shorthonm. 



4*2.47 poandH corn silago, 5.51 poands Day*. 

■ 90 



cotton-seed meal (a) 

Steers in stalls. 

56.83 ponnds corn silage, 6.09 pounds 
cotton-seed meal (e) .' 



Pounds^ Pounds, 
852 



57 



Qrade Jersey steers. 

41.25 ponnds com silage, 5.44 ponnds 
cotton-seed meal 

39.70 ponnds soja-bean silage, 5.50 
pounds cotton-seed meal 



32 
34* 



1.143 



2 

2 



11.36 
9.98 



Nntri 

tive 

ratio of 

ration. 



Digest- 



gesi 
Aver- , iblo ip^^of 
age organic ^.^«^ 
ddly matter '^ 
gain in eaten : „i_„j 
*live per 1^°^^ 
weight, piund of gain, 
of gam. I 



I I 

Pounds. Pounds. Cents. 
2.54 ; ; 63.83 



2.59 



5.57 



1:4.70 
1:2.78 



2.55 
1.61 



4. 46 
6.20 



4 5(1 
JO.OJ 



aTexas Sta. Bui. 10. 

b Cotton-seed meal valned at $20 per ton, corn silage at $2 per ton. 

cXorth Carolina Sta. Bnls. 81 and 93. 

d Cotton-seed meal valued at $24 per ton, corn silage at $5 per ton, and soja-bean silage at $4 per ton. 



EUROPEAN EXPERIMENTS. 

In a series of experiments^ made under the direction of the Halle 
Station in cooperation with farmers, cotton-seed meal and peanut meal 
were added to the rations of fattening oxen and sheep to increase their 
richness in protein beyond the normal (Wolff) ration. The animals 
fed the rations richer in protein produced, as a rule, faster and cheaper 
gains than the ones eating the raticms poorer in protein. Miircker 
and Morgen* fed 15 young steers, averaging 1,100 pounds in live weight, 
in three lots, for 96 days on a basal ration of 5.5 pounds of hay, 
3.74 pounds of chaft' and straw, 2.2 pounds of wheat bran, 44 pounds 
of beet diffusion residue, and 101.2 pounds of potato residue per head 
daily, to which 1.6, 2.99, and 4.38 pounds of cotton-seed meal and 4.29, 
3.41, and 2.42 pounds of maize were added, respectively. The nutri- 
tive ratios of these rations were 1 : 4.1, 1 : 3.6, and 1 : 3.1. The average 
daily gains were 2.64, 2.81, and 2.86 pounds. The gains were slightly 
in favor of the narrow ratios, and the financial results were decidedly 

'North Carolina Sta. Bui. 81, p. 21. 

2 North Carolina Sta. Bui. 93, p. 41. 

^Marcker and Morgen, Deut. landw. Presso, 1893 (E. S. R., 5, p. 241). 

*E.S.R.,3,p.572. 
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SO on account of the increased value of the maiinre. Bockenforde* 
compared American cotton-seed meal with Erling's fiber-free meal in 
different quantities in the rations of 16 fattening steers during two 
years. He concluded that the animals did better on the fiber-free 
meal. 

EFFECT OF COTTON-SEED PRODUCTS ON BEEF FATS. 

Harrington and Adriance^ found the kidney, caul, and body fats, 
respectively, of steers fed on cotton-seed meal or on raw, roasted, and 
boiled seed to have melting points of 4.1o,3.2o, and 8.7o C. higher than 
the corresponding fats of corn-fed steers. The fats of steers fed on 
cotton- seed products gave decided reactions with silver nitrate, and the 
iodin numbers were somewhat lower, as a rule, than those of the corn- 
fed ones. Bennett and Menke^ found that a ration of cotton-seed hulls 
and meal, with or without raw cotton seed, and cowi)eavine hay pro- 
duced fats with melting points from 2° to 4° C. higher than a ration of 
corn meal and cowpea-viue hay. 

FEEDING COTTON-SEED PRODUCTS TO SHEEP. 

ENGLISH EXPERIMENTS. 

Experiments* were made at Woburn, England, with sheep at pasture 
upon 4 acres divided into four laere lots. The sheep in two of the 
lots received no additional food, and the average gain made was taken 
as that due to pasturage alone. The sheep in the other two lots received 
additional foods, as shown in the table below, and the increase in live 
weight on each of these over that on pasturage alone is considered as 
gain due to the additional food. This assumes that the pasturage on 
the dififerent acres was uniform, which is an element of uncertainty. 
The results are summarized by years in the following table (page 410). 



1 Landw. Ann. meckl. pat. Ver., 40 (1884), p. 317; abs. in Jahresber. Agr. Cliem., 8, 

p. 557. 

2 Texas Sta. Bui. 29. 

3 Arkansas Sta. Rpt. 1890, p. 142. 

4 Jour. Royal Agl. Soc. England, 2d ser., vols. 14-20, 25, pp. 243, 344, 143, 132, 314, 
230, 352, 353. 
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Wobarn sjjierimenig tvilh thug) 



CiDTer and rye gratK, 

Average of 2 lotn of lOmch... 



OloTaruul rye gnu 

Do 

Average ofz lota of 10 audSeuh.f 



Clover and rfe great 

Average o( 2 lata of id ei 



VIoTot and rye grasa- . ■ 

Do 

Average of 2 lots of 10 1 



Dutch cloYor (o) 

1)0. 

Average ol 2 lota of ID each. . ■ 



Average of 2 lota or 10 each 



Diilnh clover <a) 

U.1 

Averagu of 2 Iota of 10 eaeli. . . 



Average of 2 lota of 10 and B uaeh.f 



pasture aith and mitkout additional food*. 

Total ntldlllona 



3) 



M:i 

128 375 



— I -=3 ill l|5ii;Jt 



l-oundi. PouniU. 



S'Ib 


'■" 












,... 




to 












...» 




153. 2S 


4.7* 


















' 




a. 37 
















..» 
















t.40 














B».T5 


,_6, 



Iie.» liB,02 



9Hl oake and maiu 



seal, roapoctively. 



There is no meiitiou of notiueablo variation dtiririg tlie first and sec- 
ond years — 1877 and 1878 — but tlie observation is made "tliat a M^bly 
nitrogenous food bite decorticated cotton-seed cake does not agree witli 
Btoclc" in varin weather, and that luaii^e meal api)ears to be a inoi-e 
suitable food for fattening in suminer. In 1879 tlieclover on plat -t w,i» 
better (from a top dressing of nitrate of soda on the previous croi)) than 
that on any of the others, and the low gain of the sbeep on cotton-seed 
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cake was thought to be due to unhealthy eoiulition of the sheej); while 
Id 1880 the clover on plat 4 was by far the strongest and best, and the 
sheep on it made a larger gain than either those receiving no addi- 
tional food or cotton-seed cake, and nearly as large as those receiving 
maize meal. Daring 1881 and 1882, on Dutch clover pasture, the sheep 

• 

showed most excellent gains for the additional foods, but the variations 
in weight for 1883 are ascribed "in great measure to the difference in 
luxuriance of the clover crops," plats 1 and 2 having been injured by 
the previous heavy crop of barley, with which the clover was sown. 
The sheep having maize meal for additional food in 1884 did not show 
as much gain as sheep on pasturage alone, but no mention is made of 
difference in quality of the pastures. 

Experiments ^ covering the winters of 1885-86 and 1886-87 were made 
to compare the effect of cereals and cotton seed and linseed cakes when 
fed as additional food to sheep feeding ofif turnips on the land. In both 
years the sheep were 10-month-old Hampshire-Oxfordshire Downs. 
The first trial lasted lOG days and the second 95 days. The first winter 
the basal ration was 0.328 pound of hay chafi' and 20 pounds of ruta- 
bagas, and the second winter 0.5 pound of hay chaff and 26.4 to 28.8 
pounds of rutabagas per head. Each lot received a different additional 
food. The sheep were fed in pens, each lot in a pen by itself. The 
results were as follows : 



Comparatwe value of cereals and cotton-seed and linseed cakes as additional food for sheep. 



Ration. 



ExperimontR. 1885-86: 

Lot 1. 0.G72 pound linseod cako 

Lot 2, 0.3:i6 pound Imseod eako and 
U.33G pound undecorticated cotton- 
fieed cake 

Lot 3, 0.G72 pound wheat or w heat meal . 

Lot 4, U.336 t)onnd crushed oata and 
0.336 pouna barley meal 



Lot 5, 0.336 imund crushed oats and 
336 pound split beans 



Exporinienta, 1886-87: 

Lot 1, 0.6H7 pound linseed cako 

Lot 2, 0.687 pound wheat or wheat meal. 
Lot 3. 0.687 pound decorticated cotton • 
seed cake 



Lot 4, 0.343 Mmund linseed cake and 
0.344 pound barley meal 

Lots, 0.344 pound baVley meal and 0.343 
pound decorticated cotton -seed cake. 



Digest 
Num- .Average' ible 
ber of live i organic 
sheep weight raatt«r 
in lot. of sheep in dail>' 

ration. 



8 



Pounds. 
140 



8 
6 


135 

140 


7 


133 


6 


130 


8 
8 


173 
171 


8 


175 


8 


168 


8 


168 



Pounds. 
2.41 



, Digest- 
I ible 
Nutri- Average organic 
tive I daily matter 
ratio ofj gain in eaten 
ration. I weight. per 

?ound 
gain. 



1 : 6. 78 



2.34 1 
2.45 1 

2.39 1 

2.42 1 

3.38 ll 
3.33 1 



3.31 
3.18 



3.18 



6.99 
9 20 

10.04 

7.74 

8.18 
11.90 

6 

9.69 

8.05 



Pound. Pounds. 
0.48 , 5.02 



.39 
.49 

.39 

.39 

.35 
.33 

.40 

.27 

.20 



5.93 
4.97 

6.12 

6.26 

9.67 
10.24 



I 



8.29 
11.83 I 

15. 89 ; 

I 



Cost of 
addi- 
tional 

food (a) 
per 

pound 

of gain. 



Cents. 
2.81 



2.79 
2.02 

2.81 

3.35 

3.72 
3.23 

2.68 

3.96 

4.73 



a Aside from hay and roots. 

The winter of 1885-80 was an unusually severe one, and sheep died 
in all the pens except where oil cake was fed. The deaths were not 
thought to be due to the additional foods, although wheat was not gen- 
erally considered a safe food for sheep. The lot on wheat made the 



'Jour. Roy. Agl. Soc. England, 2d ser., vols. 22 and 23, pp. 514, 417. 
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cheapest and best gain. The lots on linseed cake, linseed cake and 
undecorticated cotton-seed cake mixed, and oats and barley were equal 
in point of cost, but of the three lots the one on linseed cake gave the 
large^^t increase, the gains of the other two lots being practically the 
same as the lot on oats and beans. During the season of 1886-87 the lot 
on decorticated cotton-seed cake made the best gain at the lowest cost, 
those on linseed cake and wheat being second and third in ])oint of 
ncrease and third and second in cost of increase, respectively. The 
cost of increase would of course change with the market values of the 
foods and when their manurial values are considered the difference in 
favor of the oil cakes increases. Considering the manurial values of the 
foods, the estimated cost of additional foods for 1 pound of gain during 
1886 was : On decorticated cotton-seed cake, 0.59 cent; on linseed cake, 
2.06 cents, and on wheat, 2.38 cents. 

AMERICAN EXPERIMENTS. 

Three trials in as many years were made at the New York- Cornell 
Station in fattening 42 lambs on carbonaceous rations, made up largely 
of corn or corn meal, as compared with more nitrogenous rations con- 
taining cotton-seed meal with wheat bran or linseed meal, or both.^ 
During one year there was no apparent difference in* results due to the 
rations, but in the other two years the lambs fed the more nitrogenous 
rations made markedly larger gains at less cost and on less digestible 
food per pound of gain than those fed on the carbonaceous rations. 
The meat made on the nitrogenous rations contained a greater propor- 
tion of lean and was more palatable than that from the carbonaceous 
rations. The corn meal or carbonaceous rations produced weaker 
bones and from 46 to 72 per cent less wool than the nitrogenous rations. 
Another experiment^ at the New York Cornell Station with lambs has 
but little interest here beyond showing the amount of cotton-seed meal 
in the ration. 

Craig ^ found a grain mixture of 1 part of linseed meal and 2 parts 
of corn meal to give slightly better results with lambs at pasture than 
a like amount of cotton-seed meal and corn meal. Lindsey * fed sheep 
on rations having nutritive ratios of 1 : 4.5 and 1 : 5.5, in \7hich cotton- 
seed meal was a part of the grain ration, and obtained good and eco- 
nomical gains, and concluded that the "constitutional tendency of the 
animal," rather than the ration, "governed the amount of fat and flesh 
produced." Four lambs and four sheep were fed at the New York 
State Station^ in four lots of two each on hay and a grain ration of whole 
corn in one case and a mixture of equal bulks of wheat bran and cotton- 
seed meal in the other, practically the same amounts of hay and grain 



J New York CorneU Sta. Buls. 2, 8, and 47. 

2 New York CorneU Sta. Bui. 8. 

3 Wisconsin Sta. Bui. 32. 

* Massachusetts State Sta. Rpt. 1893, p. 83. 
6 New York State Sta. Rpt. 1888, p. 300. 
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being eaten in each case. The sheep eating the cotton-seed meal ration 
died after 6 weeks' feeding. The lambs made the same gains in 132 
days on the two rations. The proportion of lean meat in the car- 
casses of the lambs was 58.3 per cent for those fed cotton-seed meal 
and 33.1 per cent for those fed whole corn. 

Harrington and Adriance ' found the mutton suet from sheep fed 
cotton seed meal to have an average melting point 4^ C. and an iodin 
number 7.8 higher than that from sheep fed corn meal. Whole raw 
cotton seed is fed to a considerable extent to sheep in the Southern 
States. 

The principal data obtained in the experiments with sheep at the 
New York Cornell and Massachusetts State stations are summarized 
in the following table : 

Feeding cotton-seed meal in combination with othei' foods to sheep. 



Eation. 



NEW YORK CORNELL STATION 
EXPERIMENTS, (a) 

6-month old Cotswold and Houth- 
down lambs. 

0.21 pound cotton seed meal, 0.46 
pound linseed meal, 0.291 pound 
wheat bran, 1.205 pounds hay, 
0.45 pound roots 

0.684 pound corn or corn meal, 0.992 
pound hay, 0.45 pound roots 



6-month-old Shropshire and South- 
down lambs. 

0.788 pound com or com meal, 0.754 
pound hay, 0.735 pound roots 

0.351 pound cotton-seed meal, 0.771 
pound wheat bran, 1.033 pounds 
nay, 0.662 pound roots 

0.205 pound cotton-seed meal, 0.675 
X>ound corn or corn meal, 0.205 
pound wheat bran, 0.844 pound 
hay, 0.801 pound roots 

0.205 pound cotton-seed meal, 0.689 
pound corn or com meal, 0.205 

Eound wheat bran, 0.775 pound 
ay 

MASSACHUSETTS STATE STATION 
EXPERIMENTS, (d) 

Two lots grade Southdovm wethers. 

0.166 pound cotton-seed meal, 0.894 
pound silage, 0.812 pound Buffalo 
gluten meal, 1.148 pounds rowen. 

0.036 pound cotton-see<l meal, 1.381 
pounds silage, 0.626 i)ound Buf- 
falo gluten meal, 1.307 poundH 
rowen 



Dura- 
tion of 


Num- 
ber of 


perioil. 


ani- 
mals. 


Days. 


t 


166 


3 


166 


3 


151 


2 


151 


2 


151 


2 


151 


2 


88 


3 


88 


3 



Average 

live 
weight. 



*^Z_ tive 
matter ! „„4.i^„i^ 

;« A^i^ ratio 01 



Pounds. Pounds. 
61 1.22 



M 



60 



67 



70 



69 



72 



77.8 



1.03 



1: 3.3 

I 1: 8.4 



1.08 



1.21 



1.2*; 



1.16 



1.59 



1.474 



1:10.9 



1: 4.2 



1: 6.5 



1: 6.3 



1: 4.5 



1: 5.5 



Average 
daily 
gain. 



Pound. 
0.184 

.104 



Digest 

ible 

organic 

matter 

per 

pound 

of gain. 



Pounds. 
6.62 

9.86 



. 161 6. 69 

. 25C5 4. 71 

.248 5.12 

. 191 6. 09 



.274 



254 



5.79 



5.80 



Cost of 

food 

per 

pound 

of gain. 



Cent*. 
6 9.26 

613.27 



C7.59 
c6.03 

c6.36 

c7.82 



e7.53 



67.42 



a New York Cornell Sta. Buls. 2 and 8. 

6 Cost per ton of foods: Cotton-seed meal, $23; linseed meal $26; com meal, $26; wheat bran, $18; 
hay. $10. 
c Cotton-seed meal, $22.50; corn meal, $20; wheat bran, $18; hay, $7.75; roots. Scents per bushel, 
d Massachusetts State Sta. Kpt. 1893, p. 83. 
e Cotton -seed meal, $28; silage, $2.75; Butlalo gluten meal, $21; rowen, $15. 
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KUKOPKAN EXPERIMENTS. 

Miircker and Morgeii ' fed 60 sheep iu 6 lots of 10 eju'h. With a con- 
stant basal ration, 3 lots were fed cotton- seed meal and wheat bran 
in varying i)roportions, the cotton-seed raeal replacing a part of the 
wheat bran in the case of different lots. The amounts of cotton-seed 
meal fed to the lots of 10 lambs were 1.43, 3.08, and 4.02 pounds, 
respectively, and of wheat bran 9.08, 7.48, and 0.27 pounds respec- 
tively. The nutritive ratios of the rations were 1:4.3, 1:3.6, and 
J.:3.2. The average daily gains were 1.67, 1.04, and 2.13 pounds per lot 
of 10 head. Three other lots of 10 sheep each were fed 2.75, 2.31, 
and 1.S7 pounds of cotton-seed meal, respectively, and 1.10, 3.30, and 
5.39 of maize, with the same basal ration. The nutritive ratios were 
1:4.2, 1:4.0, and 1 :5, and the gains 2.13,2.02, and 2.55, respectively. 
The greatest gain in the lirst series was on the ration having the nar- 
rowest nutritive ratio and in the last on the one having the widest. The 
feeding, though liberal, was at a financial loss. Garola^ reports upon 
experiments made by Vitalis, where 250 grams Egyptian cotton-seed 
cake and 300 grams hay fed daily to milch ewes produced 40 per cent 
more milk than 1,000 grams of the same hay alone, and at 60 per cent of 
the cost. The percentage of raw wool was also greater where the oil 
cake was fed. 

FKBDINa COTTON-SEED PRODUCTS FOB PORK PRODUCTION. 

Considerable interest was awakened in the South a few years ago as 
to the feeding of cotton seed to hogs, and cotton seed has, no doubt, 
been fed to liogs by some farmers with success, especially after allow- 
ing it to remain i)iled in the open air for a time to *' kill " the seed and 
soften the hard seed coat, or to stand in shallow water for a number of 
days to soften the hulls; but this was merely supplementary to the 
range and not for rapid fattening. The carefully conducted experi- 
jnents noted below indicate, as a rule, that cotton i)roducts are posi- 
tively injurious to hogs and can not bo safely used, at least not in any 
quantity. 

In two years Curtis^ fed at the Texas Station 35 pigs, 3 J to 11 
months old, on rations containing large proportions of cotton-seed meal, 
or cotton seed either roasted, boiled, or soaked, and on corn alone. 
.The average ration per pig was from 1 to 1.4 pounds of cotton-seed 
products. The corn-fed pigs all did well, making an average daily 
gain of 1.3 to 1.0 i)ounds; but those receiving cotton-seed products 
could not be induced to eat enough food for rapid growth. They 
gained from 0.4 to 0.7 pound per day, and were usually taken sick in 



iMagd. Ztg., 1888, Nos. 597 and 625; ahs. Id .Tahresber. agr. Cbeiii., 12 (1889), 
p. 611; E. S. K., 3, p. 572. 
2 Abs. ia Jour. Am. Chem. Soc, 15 (1893), p. 659. 
3TexasSta.Bul.21. 
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six to eight weeks after the feeding began. The mortality of the pigs 
receiving cotton-seed meal was 87 per cent, roasted seed 75 ])er cent, 
and boiled seed 25 per cent. It was also observed that the pigs escap. 
ing sickness and death for thirty days beyond the time when sickness 
usually set in were safe from attack, but were permanently stunted in 
growth. Small amounts of col ton-seed meal in the slops are stated to 
have caused deaths in the college herd of swine in i)revious years. 
Curtis concludes " that there is no profit whatever in feeding cotton 
seed in any form or cotton-seed meal to hogs of any age." 

Eoberts,' at the New York Cornell Station, endeavored to feed a 
4-year-old sow 2 pounds of cotton-seed meal along with 4 pounds of 
wheat bran and 2 pounds of corn per day. She was finally induced to 
eat one-half pound of cotton-seed meal per day for 143 days, Avhen she 
was slaughtered and gave evidence of having i)roduced a greater pro- 
portion of lean meat than fat. The nutritive ratio of the ration was 
1 : 5.2. 

Experiments at the Massachusetts State Station ^ in 1883 failed to 
prove that the addition of cotton -seed meal or wheat bran or both to 
corn meal made a more valuable food for pigs than corn meal alone. 
One pig in the experiment eating corn meal and wheat bran died of 
apoplexy. At the Virginia Station^ 3 pigs Avere fed a ration of 5 
parts cotton -seed meal, 2 parts bran, and 2 parts beef scrap, giving a 
nutritive ratio of 1 :2.35. All died within eight weeks after the feeding 
commenced. The Kentucky Station ^ concluded that cotton -seed meal 
could not be fed to hogs profitably for either growth or fattening. E. 
O. CalP (farmer) fattened 20 hogs on boiled cotton seed, and stated that 
he had never seen healthier hogs. Ilarrfngton and Adriance^ examined 
the lard made from these hogs and found it to have an average melting 
point of 90 C. higher and an iodin number 2 percent less than lard from 
corn-fed hogs. It also reduced silver nitrate to a considerable extent. 
Wheeler '' fed 18 pigs, from iv to 39 weeks old, on a mixture of 1 part 
cotton-seed meal, of wheat midlings, 2 of bran, and 4 of corn during 
36 days, and a mixture of 1 part cotton-seed meal, 4 of midlings, 2 of 
bran, and C of corn during a second 35 days' period, with fairly good 
results. 

At the North Carolina Station * a mature bog was fed in three periods 
of 20 days each on J, IJ, and 2 pounds of cotton-seed meal and 2, 2J, 
and 3 pcmnds of wheat bran, respectively, with skim milk and green 
food. The hog did well until the third period, when it refused to eat so 
much cotton-seed meal, became sick, and lost weight, but recovered 



^ New York Cornell Sta. Bui. 5. 

'^Massachusetts State Sta. Rpt. 1883, p. 40. 

3VirgiiiiaSta.Bul.lO. 

^ Kentucky Sta. Bui. 19. 

'^TexasSta. Bul.29. 

«New York State Sta. Rpt. 1892, p. 286. 

'North CaroUna Sta. Bui. 109. 
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on the substitution of corn meal for cotton-seed meal in the ration. 
Another hog, similar to this one and fed the same, except that the cot- 
tonseed meal was replaced by equal amounts of corn meal, remained 
healthy and gained steadily. 

FEEDING COTTON-SEED PRODUCTS TO CALVES. 

In an experiment at the Mississippi Station,' Irby fed 21 calves, in 7 
lots of 3 each, on cotton-seed products in comparison with corn chop, 
wheat bran, and skim milk, each fed alone. Each lot contained 1 grade 
Holstein and 2 grade Jersey calves. The trial lasted 50 days. The 
results were as follows : 

lieaulta of feeding cotton seed and cotton-need meal to calves. 

[MiAsissippi Station.] 



Lots. 



«> 
3 

4 
5 
6 
7 



Average daily ration. 



1.61 poundn cotton*8eed meal and 13.19 
pouudH skim milk 

13.34 poundH whole milk 

2.96 i>ound8 wheat hranand 12.96 pounds 
skim milk 

1.91 pounds com chop 

25.04 pounds skim mflk 

4.35 pounds crushed cotton seed 

5.23 pounds boiled cotton seed 



Average 

live 
weight 


Average 

daily 

gain in 

weight. 


Organic 
matter 


Digesti- 
ble 
organic 


Nutri- 
tive 


at begin- 
ning. 

Pounds. 


in ration. 


matter 
in ration. 


ratio. 


Pounds. 


Pounds. 


Pounds. 




265 


1.20 


2.55 


2.26 


li 1.21 


155 


1.17 


1.61 


1.61 


1: 4.32 


216 


.74 


3.59 


2.70 


1: 2.17 


215 


.40 


1.58 


1.37 


1:11.72 


215 


1.57 


2.28 


2.28 


1: 1.30 


209 


.85 


3.66 


2.45 


1: 4.92 


234 


.67 


2.26 


1.30 







Cost of 

food per 

pound 

of gain. 



Cents. 
6.8 
14.16 

12.7 
3.8 
7.98 
2.1 
3.25 



Good and profitable gains were obtained on cotton-seed products 
without injury to the health of the animals, the cheapest gains being 
on boiled and crushed cotton seed. 

At the Pennsylvania Station Hunt^ fed 3 calves, 2 months old, 1 
pound of cotton-seed meal in 2 pounds of hot water, added to 16 pounds 
of skim milk per day and per head. Two of the calves died after about 
1 month's feeding. Post-mortem examination of one of these showed 
the lungs and pleurae to be inflamed. The third calf, as well as 6 others 
fed similarly except as to cottonseed meal, kept in good health and 
made fair gains. 

The Arkansas Station^ fed calves weighing 200 to 350 pounds for 9 
weeks on cotton-seed hulls and cotton-seed meal (proportion not stated) 
with good average gains. Two calves, 2 to 3 weeks old, were fed 1 to 6 
ounces of cotton-seed meal in G to 16 pounds of skim and whole milk 
per head and day, according to age, at the North Carolina Station."* 
They died after about 30 and 40 days' feeding, apparently from the 
toxic effect of the cotton-seed meal, which powerfully affected the 
nervous system. Leitze^ investigated several cases of death of calves 



1 Mississippi Sta. Bui. 8. 
« Pennsylvania Sta. Bill. 17. 
3 Arkansas Sta. Rpt. 1889, p. 82. 
* North Carolina Sta. Bui. 109. 
6 Milch Ztg., 23 (1894), p. 38. 
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9 to 12 mouths old attributed to cotton-seed meal. These calves were 
fed 3 heaping liters (more than 3 quarts) of cotton-seed meal daily in 
addition to milk, hay, and linseed cake. Symptoms of disease were 
noticed about 10 days before death. The autopsy showed hypertrophy 
of the heart and congestion of the lower lungs, liver, and spleen. 
Veterinarian Vallers remarks, with reference to the above, that cotton- 
seed meal causes a yellowing of the animal body. 

Emmerling^ reports on feeding 12 calves, 4 to G months old, on cotton- 
seed meal and milk. Seven died after 3 weeks' feeding. The lungs, 
intestines, and stomach were inflamed. Another instance is noted 
where old and young animals ate 1 pound of cotton-seed meal per day 
without injury. 

FEEDINO COTTON-SEED PRODUCTS TO HORSES AND MULES. 

But little definite information has been found as to the use of cotton 
products as food for horses and mules. Favorable statements have 
appeared in the agricultural press from time to time, but little or no 
data have been presented. Baron E. d'Allinges, agriculturist of the 
Biltmore estate, Biltmore, N. C, writes that he has fed working horses 
and mules during G days of the week for 3 years on the following 
ration : Thirteen to 15 pounds of cut hay and corn fodder, 4 pounds of 
wheat bran, 2 pounds of cotton-seed meal, and G pounds of corn meal. 
On Sundays he gives whole corn and oats and uncut hay. 

At the INTorth Carolina Station ^ 2 old horses were fed for 2 periods of 
12 and 18 days on 2 and 2J pounds of cotton-seed meal, respectively, 
with 4 pounds each of corn meal and ship stuff and clover and timothy 
hay. The animals ate the rations well and gained weight. 

Gebek ^ states that draft horses do well on 2 pounds of cotton-seed 
meal daily in their rations. 

COTTON-SEED PRODUCTS FOR MILK AND BUTTER PRODUCTION. 

AMERICAN EXPERIMENTS. 

Lloyd* found in 2 years' experiments at the Mississippi Station that 
raw cotton seed was more economical for milk and butter production 
as regards quantity than steamed or roasted seed or cotton -seed meal, 
and that the latter was much cheaper than corn meal. The butter from 
raw seed, however, was sticky, poor in flavor, and brought less for the 
outlay than that from cows fed on steamed seed, the butter in the latter 
case being much superior in quality to any of the rest. A third year's 
test and a summary of the 3^ give steamed seed as a better and cheaper 



1 Centbl. agr. Chem., 1884, p. 472. 
« North Carolina Sta. Bui. 109. 
3 Landw. Vers. Sta., 42, p. 279. 
^ Mississippi Sta. Buls. 13 and 15. 
^ Mississippi Sta. Bui. 21. 
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milk and butter producing: food than either raw seed or meal, butter from 
the latter costiug nearly twice as much as from steamed or raw seed. 
The data for these experiments are summarized in the following table: 

Feeding cottonseed products for milk and butter production. 



Ration. 



MIHKIHSIPI'I STATION ICXPBHIMENT8. 

7 iiativex, fS grade Jerseys, and 1 grade 
I>ev<m. (a) 

8.60 poiindfl raM' cotton seed, 9.3R poundfl 

lk)riiiu(la hay 

0.H2 potindR raw cotton bcimI, 8.47 XH>inulB 

mixed hay 

9.70 poiindn cottou-Hccd meal, 14.10 pounds 

Boniiuda bay 

9.02 poundH cott'On-Hocxl meal, 12. U9 pounds 

mixed hay 

12.18 pounds Bermuda hay, 9.90 pounds 

corn meal 

0.80 poundH mixed hay, 9.66 pounds com 

meal 



Unra- Num- Average 
tion l>er of dailv 

of pe- I ani- I milk 
riod. mals. I yield. 



4 grade Jerseys and 1 grade Holsiein. (&) 

9.5 pounds raw cotton seed, 9.2 pounds 

Bermuda haj' 

10.6 poniidH roasted cotton seed, 10.5 pounds 

Bermuda hay 

10.4 pounds boiled cotton st^ed, 8.5 pounds 

Bermuda hay 

9.9 poundH com meal, 9.9 pounds Bermuda 

hay 

9.5 ]M>unds raw cotton Heed, 8.5 pounds 

timothy hay 

9.5 pounds raw cotton need, 10.9 pounds 

Bermuda bay 

4 grade Jerseys and 1 grade Ilolstein. (c) 

7.8 ponndn raw cotton seed, 7.7 pounds Ber- 
muda hay, 10 ])oundHHilage 

8 poundH raw cotton seed, 4.9 poundn tim- 
othy hay, 0.8 poundH Hilage 

9.9 ]>onnds Intiled cotton Heed, 7.5 pounds 
Bermuda hay, 9.9 pounds silase 

9.9 ponudH boiled cotton need, 6.5 pounds 
timothy bay, 9.9 pound» Hilago 

8.8 pounilH <H)tton-Heed meal, 10.2 pounds 
Bermuda hay, 9.9 ])<>unds silage 

8.8 poundn cottonseed meal, 8.8 poundn 
timothy bay, 9.9 pounds Milage 



Days. 

84 

84 
84 
84 
84 
84 



, (iaUons. 

10 l.o:{ 

10 .98 

10 1.37 

10 j 1.24 

10 1. 10 

10 I 1.04 



Fat 

content 

of 

milk. 



Cost of 
food 

per gal- 
hm of 
milk. 



Percent Cents. 




35 
35 
35 
35 
35 
35 



35 
35 
35 
35 
35 
35 



5 
5 
5 
5 
5 
5 



5 
5 
5 
5 
5 
5 



7.7 

8.5 

8.8 

12.8 

12.8 

12.3 



5.95 



6.3 
8.3 
4.9 
8.4 
9.8 
12.6 



Ay^^rage ^^^^ 
daily , 3 



Pound. Cents. 
0. 406 15. 70 



7.5 


.441 


15.62 


11.7 


.544 


26.83 


11.6 


.545 


23.62 


14.3 


.386 


37.31 


12.9 


.364 


33.65 



.498 
.545 
.439 
.455 
.396 
.560 



17.4 
19.1 
19. C 
41.4 
29.5 
28.5 



.522 
.438 
.717 
.602 
.680 
.685 



13:2 

18.4 

10.9 

18,1 

22 

28.1 



a Bui. 13. — Cost of fiMxln per ton in thcHe tentn : Raw cotton seed, $9; cotton-seed meal, $20; Bermuda 
bay, $10; mixed bay, $7: corn meal, $20.^i5. 

6 Bui. 15.— Cost of foodHiri tbene experiments per ton: Raw cotton need, $6; boiled cotton seed, 
$6.30; roasted cotton Heed, $7.20; cottou-He<Hl meal. $20; Bemuida bay, $12.50; corn meal, $25; timothy 
hay, $20.80. 

c Bui. 21. — RoaHted .lud boiled cotton seed and cott<m-8eed meal were name prices sh in note 2; Ber- 
muda bay, $10; timothy bay. .$21 .40; and nibige, $2 per ton. 

• 

Vanderford,' at the Tennessee Station, found it more economical to 
purchase and add cotton seed meal and wlieat hran to home-grown 
rations than tofeed them alone. The sann* experimenter^ did not suc- 
ceed well in getting cows to eat a ration composed entirely of cotton- 
seed hulls and cotton-seed meal, and advises the use of 15 x)ounds of 



^TenneHsee Sta. Hiil., Vol. V, No. 3. 
•Tennessee Sta. Bui., Vol. VI, No. 2. 
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hulls and 5 pounds of cotton-seed meal per 1,000 pounds live weight for 
milk, and the same amount of hulls and 3 pounds meal for butter, with 
other foods in each case. 

As the result of two years' experiments at the Maine Station with 7 
cows, Jordan ' found that " the substitution of cotton-seed meal for an 
equal quantity of corn meal unmistakably increased the production of 
milk and butter to a profitable extent," though the total amount of 
digestible matter in the two rations was practically the same. Curtis^ 
observed during seven years' observations and experiments that cot- 
ton-seed meal added to the ration increased the yield of milk and butter, 
and kept down the proportion of milk to butter. The best results 
were obtained from a mixture of 'Aground stuff" and cotton-seed meal, 
with a nutritive ratio of about 1 : 4, with i)a8tnrage. 

nunt,^attlie Pennsylvania Station, fed pounds of cotton -seed meal 
per head daily to cows without apparent injury to health and by substi- 
tuting equal weights of cotton-seed meal for wheat bran increased the 
milk yield one-fifth without changing the quality of the milk. 

Armsby* concludes from experiments with three co^ysthat "increas- 
ing the proportion of protein in the ration by substituting cotton-seed 
meal or malt si)routs for corn meal had no effect upon the milk pro- 
duction." 

Four Jersey cows were fed at the New York State Station ^ for 160 
days on coarse foods and a grain ration in one case of corn meal, and of 
cotton-seed meal in the other. *'The feeding of cotton-seed meal was 
accompanied by an increased hay consumption "and milk yield, which 
was sufficiently marked to indicate that cotton- seed meal had decidedly 
affected the milk yiehl, while corn meal seemed to have had but little 
specific effect on yield. 

When corn meal and cotton-seed meal were fed in like amounts in 
connection with a basal ration, Whitcher^ found a slight difference in 
favor of the cotton seed meal for milk production. The grain ration of 
the New York Cornell Station" dairy herd of 2'J cows during the win- 
ter months of 1892 was 8 ])ounds, consisting of 3 parts of wheat bran, 

2 of cotton-seed meal, and Oof corn meal; the summer grain ration was 

3 pounds of wheat bran and 1 of cottonseed meal, the cows being at 
pasture in summer and eating clover hay, silage, and roots in winter. 
On these, milk was produced during the entire year for an average 
of 62.5 cents per 100 ])ounds and butter for 15.8 cents per pound. The 
grain ration used by the Maine Station^ in a two years' test of dairy 



' Miiiuo Sta. Rpts. 1885-86, p. 65, and 1886-87,p. 84. 

2Texa8 Sta. Bui. 11. 

^PeuDsylvania Sta. Bill. 17. 

< Wisconsin Sta. Rpt. 1884, p. 87. 

'iNew York State Sta. Rpt. 1886, p. 28. 

6 New Hampshire Sta. Bui. 8. 

7 New York Cornell Sta. Bui. 25. 

« Maine Sta. Rpts. 1889, p. 106, and 1890, p. 17. 
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breeds was 6 to 8 pounds, consisting of 2 parts of corn meal and 1 part 
each of cotton-seed meal and wheat bran. The same station^ in a 105 
days' test of 3 cows obtained an increase of 20 to 36 per cent — an aver- 
age of about 5 pounds per day — in the yield of milk by substituting 2 
pounds each of cotton- seed meal and gluten meal for 4 pounds of corn 
meal in rations otherwise alike, the milk from the nitrogenous ration 
being as a rule higher in total solids than that from the corn meal 
ration. 

At the Vermont Station* a farrow cow ate a maximum of 12 pounds 
equal parts of cotton-seed meal and wheat bran with coarse foods for 
16 days and gave slight increase of milk of about the same quality. 
This cow afterwards died from overfeeding, but not until some time 
after the grain ration had been changed. 

At the Massachusetts Station' equal weights of cotton-seed meal 
were compared with gluten meal, linseed meal, and corn meal in differ- 
ent rations. From the results as stated it appears that the yield of 
milk .was somewhat larger when cotton-seed meal was fed than when 
either gluten meal or linseed meal was used, while with corn meal* 
there was praetically no difference in yield. The net cost of the cotton- 
seed meal rations was less than any of the others, on account of the 
increased manurial value of cotton-seed meal over the other meals. 

EUROPEAN EXPERIMENTS. 

Eitter* fed milch cows 137 J pounds of peanut meal with other foods 
in a 12-day period, and obtained an average daily milk yield of 484.3 
liters (liter ;= 1.05 quarts). In a second period of 15 days the same 
cows ate 137 J pounds of cotton-seed meal, with the same basal ration 
as before, and gave 503.8 liters of milk daily. The cotton-seed meal 
ration thus produced 19^ liters more milk daily than the peanut-meal 
ration. 

Siewert^ found, in a series of experiments, undecorticated Egyptian 
cotton-seed cake, as a rule, to be of less value for milk production than 
rape-seed cake, but states that the former has been found better for 
fattening and safer to feed to young cattle. One and one-fourth pounds 
of American decorticated cotton cake in ration produced more milk than 
2J pounds of the undecorticated Egyptian cake in the same ration, and 
as much as 2 pounds of rape cake. Siewert claims that the cotton-seed 
cakes increased the sugar content of the milk over rape cake and reduced 
the fat. Preser' fed 5 cows 8.8 pounds of hay, 11 of cut straw, 66 of 



^Maine Sta. Rpt. 1893, p. 73.| 

2 Vermont Sta. Rpt. 1890/ p. 75. 

3 Massachusetts State Sta. Rpt. 1891, p. 44. 

^Massachusetts State Sta. Rpt. 1892, p. 28. 

^Milch Ztg., 1879, p. 561; abs. in Jahresber. agr. Chem., 2, p. 431. 

6Landw. Vers. Stat., 30 (1884), p. 145 ; abs. in Jahresber. agr. Chem., 7 (1884), p. 516. 

^Wien Landw. Ztg., 1880, p. 527; abs. in Jahresber. agr. Chem., 3 (1880), p. 467. 
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sugar-beet diffusion residue, and 6.6 of cotton-seed meal i)er head and 
day, and obtained very \a,vi^e increase in live weight. 

Schrodt and von Peter' fed cotton-seed meal and peanut meal in 
rations otherwise alike to 3 cows for milk production, and obtained 
results favorable to cotton-seed meal. Pogge'^ compared 2.2 pounds of 
cotton-seed meal with the same amount of peanut meal in rations other- 
wise alike. Ten cows in 2 lots were fed each ration for 15 days. More 
milk and butter was produced on the cotton-seed meal ration than on 
the peanut-meal ration, the butter from the two rations being equally 
good. Backhaus^ added 2.2 pounds of peanut cake, 2.2 of cotton-seed 
cake, and 3.3 of palm-nut cake per head and day to the same basal 
ration of 10 cows in separate periods of about two weeks each. He 
concludes that there was no practical difference in the cakes in their 
effect on either the milk production or fat content of the milk, and 
further infers that the fat content of milk can be but little changed by 
the manner of feeding. 

The Halle Experiment {Station,^ in experiments in cooperation with 
farmers, fed cotton-seed meal to 1,375-pound cows in increasing proper 
tions from 1.78 ])ounds to 4.69, and barley meal in decreasing amounts 
from 4.40 to 2.38 pounds, with the same basal ration. The nutritive 
ratio was thus reduced from 1 : 4.9 to 1 : 3.6 without materially affecting 
the milk yield. The feeding was liberal in amount, and the financial 
results were slightly better on the narrow ration, on account of its 
gieater manurial value. 

EFFECT OF COTTON-SEED PRODUCTS ON THE QUALITY OF BUTTER. 

With reference to the effect of cotton seed and cotton-seed meal on 
the quality of butter, several experiments have been made which 
showed that the melting point of the butter was higher and the vola- 
tile fatty acids lower with cotton seed or cotton-seed meial than without 
it; i. e., that a firmer, harder butter, which stood handling better, was 
produced on these foods. This was observed by Curtis and Harrington 
in several experiments at the Texas Station, the data for which are 
summarized in the following table: 



» Milch Ztg., 1881, No8. 36 and 37; abs. in Jahresber. agr. Chem., 4 (1881), p. 442. 
'Landw. Ann. nieckl. pat. Ver., 1881, No. 22. 
» Jonr. Landw., 41 (1893), No. 4, p. 328 (E. S. R., 5, p. 917). 

^Miircker and Morgen, Magd. Ztg., 1888, Nos. 597 and 625; abs. in Jahresber. agr. 
Chem.y 12 (1889), p. 611 ; and E. S. R., 3, p. 564. 
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Effect of cottoH'Seed products on butter. 
[Texas Station, (a)] 



Bation. 



Com and cob meal, oatR, bran, si- 
lage, sorghum, peavine hay, and 
pasture 

Cotton seed hulls and cotton seed 
meal 

Raw or cooked whole cotton seed. 

I part cotton-seed meal, 'A parts 
oats, sorghum, hay, and scant 
])aHtare .* 

Equal parts cooked cotton seed 
uud oats, and scant pasture 

5 ]>ounds millet and peavine hay, 
5 pounds bran. 6 pounds com 
meal, and gooil pasture 



Num- 
ber of 
cows. 



Corn meal, wheat bran, and silage. 
One-fourth ration cotton-seed meal. 

One-half ration cotton-seed meal. . 

Three-fourths ration cott<m-seed 
meal 

Cotton seed hulls and cotton-seed 
meal 



6 

6 




6 
6 



2' 

I 



I)av» 
on feed 

before 
taking 
sample 

of 
butter. 



Examination of 
butter. 



Grading of buttor. 



8 

8 
8 



8 
8 



\x^\* Vola- 

in^' tile 

iS5* I fatty 

«^f 1 ni aci/s 

t®^- ter. (6) 



lodin Flavor Grain 
num- j 45 > 30 
ber. ]>oint8. points. 

I 



39. 25 25. 02 



8 
33 
16 



I 
I 

'^a I 

35. 2 28. 82 

I ' I , 

40.8 ' 20.30 i ; 

40.4 15.70 .30.93 18.50 



37.3 ) 26.28 33.59 21.67 

ill' 
36.6 26.78 ' 34.48 21.87 



25^ 
points. 



Total 
grade 

100 
points. 



22. 24 

20. 54 
20.07 



86. 51 

'76.68 

75.80 
76.96 



} 33. 2 I 26. DO 30. 22 

91 i ' ! 

25 } ^®- S i 23. 72 32. 38 

} J } 30. 1 I 20. ()5 33. 04 

\q } 40. 6 , 16. 24 ' 35. 39 

17 , 41.4 



12. 15 42. 34 



38. 12 , 25. 44 




85.79 














1 












i 


1 



a Texas Sta. Kpt. 1889, p. 100; Buls. 11 and 20. 



b Calculated for 5 grams of butter. 



The authors concluded that cotton seed and its i)roduct8 raised tlie 
melting point and lowered the volatile fiitty acids of butter very materi- 
ally, and produced a light-colored butter of inferior quality when fed 
alone, as a large i)art ot the grain ration, or with scant pasturage, the 
butter being poor in flavor and presenting the appearance of having 
been overworked ; but when cotton products formed only a moderate 
part of the grain ration, or were fed with good pasturage, the quality 
was little aflected, the butter being firmer and standing shipment 
better than that made when no cottonseed products were fed. 

II. W. Wiley' examined some of the above butters sent him by Har- 
rington and made experiments in connection with the Maryland Experi- 
ment Station, which, together with those of Lupton and Anderson at 
the Alabama College Station,^ confirmed the above results in general. 

Wiley found that cotton-seed meal increased the melting point and 
decreased the iodin absorption and the volatile acids (slightly); and 
the butter also showed reducing action on silver nitrate. The experi- 
ments of Lupton and Anderson indicated that cotton seed and cotton- 
seed meal usually increased the melting point of butter about 7^ C, 

iProc. Soc. Prom. Agl. Sci., 1889, p. 84; See also W. Frear in Agl. Sci., 7 (1893), 
p. 131. 
2 Alabama College Sta. Bui. 25. 
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and diminished to a marked degree the volatile acids, but they state 
that no change was observable in the color of the butter. In experi- 
ments by Hunt at the Pennsylvania Station to test the relative effect 
of cotton-seed meal and wheat bran on the quality of butter, only 
the melting point and the general quality of the product were deter- 
mined. The butter made on cotton-seed meal had a considerably lower 
melting point than that made on bran, and was rated considerably 
lower by all the judges to whom it was sent. Wood and Parsons, in 
experiments at the New Hampshire Station,^ found that cotton-seed 
meal produced an unusually hard butter, and Morse, in experiments at 
the same station,^ found that cottonseed meal depressed the volatile 
acids and iodin number. Cotton seed had slightly more effect on these 
factors than cotton-seed meal, and cotton-seed oil depressed the volatile 
acids more than either cotton-seed meal or seed, but the iodin number 
only slightly. 

In experiments by Jordan at the Maine Station in 1891,^ the butter 
produced on a ration of cotton-seed meal, bran, and com meal was 
harder: contained a larger amount of volatile acids, and showed a 
higher iodin number than that produced oil a ration of linseed meal, 
bran, and corn meal, or of pea and barley meal; but in experiments 
in 1893, in which a ration of 2 pounds of corn meal, 2 pounds of cotton- 
seed meal, and 2 pounds of gluten meal was compared with one of 6 
pounds of corn meal, there was no difference in the butters shown by 
chemical tests. 

The data for the above experiments, as well as for tests made by 
Dean and James at the Ontario Agricultural College,* are summarized 
in the following table: 

Effect of cotton-seed products on butter. 



BatioD. 



WILEY'S RESULTS, (a) 



Paflturaj^c 

10 poundH cotton-seed meal per day and light pas- 
turage 



ALABAMA STATION EXPEBIMENTS. (&) 



5 pounds oats, 5 pounds corn, 5 pounds bran 

3 pounds cotton-seed meal, 4 pounds oats, 5 pounds 
bran, 11 pounds silage 

4 pounds cotton-seed meal, 9 pounds cotton-seed 
nulls, 4J pounds silage 

Raw cotton seed and cotton-seed hulls 

Cooked cotton seed and cotton -seed hulls 



a Proc. Soc. Prom. Agl. Sci. 1889, p. 84. 



Num- 
ber of 
cows. 



3 
3 

10 

10 

10 
10 
10 



Days on 

feed 

before 

taking 

sample. 



Examination of butter. 



10 
10 

7 

7 

7 
7 

7 



Melting 

point of 

Dutter. 



35.4 
41.9 



35.6 

36.1 

37.4 
43.6 
42.7 



Volatile 

fatty 
acids of 
butter. 



22.4 
21.1 

29.8 

30.5 

27.5 
22.1 
22.5 



6 Alabama College Sta. Bui. 25. 



Iodin 
number. 



' New Hampshire Sta. Bui. 13. 

2 New Hampshire Sta. Buls. 10, 18, and 20. 

'Maine Sta. Rpt. 1891, p. 62. 

^ Ontario Agl. College Rpt. 1891, p. 166. 

1993— No. 33 27 



38.9 
34.7 
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Ejfect of cottoti'Seed products on butter — Continned. 



Bation. 



NEW HAMPSHIRE STATION EXPERIMENTS, (a) 

40 immids silage, 5| pounds hay, 2.05 pounds each of 
middlings, com meal, cotton-seed meal, and gluten 
meal 

40 pounds silage, 54 pounds hay, 2.05 pounds mid- 
diings, 7.25 pounds cotton -seea meal 

40 pounds «ilage, 5k pounds hay, 2.05 pounds mid- 
dlin.'^s. 6.25 pounos raw cotton seed 

40 pounds silage, 5^ pounds hav, 2.05 pounds mid- 
dlings, 3.5 pounds gluten meal, 13.5 ounces cotton- 
seedoil 



ONTARIO AGRICULTURAL COLLEGE EXPERIMENTS. (&) 



Pasture 

30 pounds hay, 9 pounds linseed mc^al 

20 pounds hay, 4 pounds linseed meal, 5 pounds cot- 
ton-seed meal 

30 pounds hay, 9 ]»ounds cotton-seed meal 



Num- 
ber of 
cows. 



Examination of butter 
Days on _ _ 

f^ed I 

I>oforo ; Melting 



taking 
sample. 



4 

4 
4 



2 
2 

2 
2 



19 
20 



21 
21 

21 
21 



point of 
butter- 



OC. 



32.3 
33 

34.6 
36.5 



Volatile 

fatty lodin 

acids of number, 
butter. 



29.9 
24.9 
20.3 

19.7 



38.8 

34 

33.8 

37.8 



24.4 
37 



35 



a New Hampshire Sta. Bui. 10. 



& Ontario Agl. College Rpt. 1891, p. 166. 



The figures for the experiments of Harrington and Adriance are tlie 
averages of the tests of the two sets of animals on the days when they 
had been longest on the ration. They show an increase in melting 
point and iodin absorption, and a decrease in the volatile acids accord 
ing to the proportion of cotton-seed meal in the ration. These observ- 
ers state that one-fourth ration of cotton seed or cotton-seed meal does 
not materially affect the quality of the butter, and that the effect of 
cotton-seed meal on butter was apparent thirty days after it had been 
discontinued in the ration, which has an important bearing on all the 
results above, indicating that few of them, perhai)S, were continued long 
enough to show the maximum effect of the cotton-seed meal on the but- 
ter. The results of Dean and James show a marked increase in melt- 
ing point of the butter where cotton-seed meal was fed. Lloyd ' states 
that butter from steamed cotton seed was superior to that from either 
raw seed or meal, and Brooks ^ reports that butter produced from cotton- 
seed meal was hard and of a greasy texture. As the result of two 
years' experience at the New York State Station^ the butter made from 
cotton seed meal was graded first in " firmness," and second in '' yield, 
color, and grain," as compared with butter made from oats, linseed 
meal, and corn meal in different rations. Mayer* found cotton-seed 
cake in rations with rye straw and pea straw to produce butter with 
more volatile fatty acids and lower melting point than peanut, sesame, 
linseed, or poppy-seed cakes with different coarse foods. 



* Mississippi Sta. Bui. 21. 

"Massiiclmsetts Agl. Colle»j;e Catalogue, 1893, p. 30 (E. S. R. 5, p. 969). 
3New York State Sta. Rpt. 1889, p. 211. 

^Landw. Vers. Stat., 41 (1893), p. 15; abs. iu Agl. Sci.,7 (1893), p. 126 (E.S.R.,5, 
p, 509). 
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EFFECT OF COTTON-SEED PRODUCTS ON CHUENABILITY. 

The Texas Station^ found that as compared with corn-and-cob meal 
cotton seed and cotton-seed meal facilitated and increased very mate- 
rially the amount of creain that would rise by gravity at high (70^ F.) 
and low (45° F.) temperatures, but with centrifugal creaming this dif- 
ference due to foods disappeared. At 70^ F. the increase was 8.5 per 
cent and 14 at 45° F., the results being averages on cows fresh in milk, 
in medium milk, and well advanced in milk. Cotton seed and cotton- 
seed meal cream, however, had to be churned at 4^ to 8° F. higher 
temperature if sour, and 1^ tx) 3^ F. if sweet, than cream from corn-and- 
cob meal and other foods. Hunt* observed that milk from cows fed 
cotton-seed meal creamed better by gravity than that from cows fed 
bran, and Parsons and Wood^ state that gluten meal decreases the 
churnability of fat as compared with corn meal or cotton-seed meal. 
Mayer^ found milk from cotton-seed cake rations to be harder to churn 
than that from peanut, sesame, linseed, or poppy-seed cake rations. 

EFFECT OF COTTON-SEED PRODUCTS ON THE HEALTH OF ANIMALS. 

Where sickness, death, or other disturbances have occurred with the 
animals in the previously reported experiments, the fact was there 
noted. Other observations as to the eflect of cotton-seed products on 
the health of animals are brought together here. Whether cotton pro- 
ducts contain originally a toxic principle, or whether such is developed 
as the result of decomposition outside or of change within the a>nimal 
body is yet an open question. Emmerling^ assumes that the decom- 
position products of the organisms in cotton- seed residues are respon- 
sible for the bad effect of the residues, while the experiments of Bret- 
feld^ lead him to believe that such is not the case. Bohm and Maxwell^ 
found cholin, and Eitthausen, Weger, and Maxwell found betain in 
cotton-seed meal (see article on chemistry of cotton, p. 96). Cholin is 
stated to i)Ossess toxical property,^ but betain is considered a noni)oison- 
ous base. Harrington^ examined the blood and viscera of hogs dying 
from the effects of cotton-seed meal poisoning for ptomaines with nega- 
tive results. From the variety of symptoms of sickness and post-mortem 
results, it would appear that there are a number of causes of sickness 
rather than a single disease. The ill effects of cotton iiroducts on hogs 
are variously credited to the loose lint, the large amount of fat, the 

* Texas Sta. Buls. 11 and 14. 

2 Penusylvauia Sta. Bui. 17. 

3 New Hampshire Sta. Bui. 13. 
^Landw. Vers. Stat., 41 (1893), p. 15. 
6 Centbl. agr. Chem., 1884, p. 472. 

6 Jour. Laiidw., 1887, p. 37 ; abs. in Landw. Vers. Stat., 42 (1894), p. 305. 

7 Ainer. Cliem. .Jour., 13 (1891), p. 469. 

« Berntlisen, Lehrbuch der organisclieu Cliemie, 1887, p. 183, states otherwise. 
9 Texas Sta. Bui. 15. 
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hard and sharp seed coats, etc., while with ruminating animals the 
blame has fallen on moldy cakes and meal, imparities, hulls, or fiber in 
them, etc. (See p. 380.) 

A review for 1886, ^ published by the Baltic Centralvereiii, notes that 
in many instances where sheep and cattle were fed small quantities of 
cotton seed meal sickness and death followed, but, strange to say, only 
male animals were affected. Briigmann* states that a 1-year-old steer 
fed cotton-seed meal in water died, while other steers and young cattle 
given dry cotton-seed meal did well. He therefore warns against 
feeding moist cottonseed meal. Klein ^ cites a case where a cow died 
from having eaten cotton seed cake insuflBciently broken up. Nathu- 
sius^ observed for several years that the uterus of ewes which had 
been fed considerable quantities of cotton-seed meal immediately 
after lambing became highly inflamed and the sheep soon died. It is 
stated that only those animals eating American cotton-seed meal were 
affected, and when the use of the meal was stopped the trouble disap- 
peared. Eelief was found in the use of carbolic acid wash. Gautier* 
reports sickness in calves and Bongarz^ injuries to calves and sheep 
from feeding cotton-seed meal. Gips' reports the death of 3 out of 8 
cattle made sick from eating moldy cotton seed cake. Esser^ reports 
the death of about 100 fattening lambs after a few days' feeding on 
250 gm. cotton-seed meal as auxiliary food. The meal seemed of good 
quality and was fed to oxen without injury. Schwanefeldt^ reports the 
death of calves from eating cotton-seed meal, and Peschel '" of cows 
dying of fever attributed to the effects of cotton- seed cake. Klein ^^ 
fed cotton-seed cake to 12 rabbits and to carp. All the animals except 
one rabbit died in a short time of inflammation of the bowels. Marcker 
observed in feeding cottonseed meal to sheep that while ewes would 
not be affected, male sheep sickened on much smaller rations. Post- 
mortem examination showed magnesium ammonium phosphate calculi 
in the bladder, which probably caused irritation and could not be 
expelled so easily from males as from females. ^^ Emery, ^^ of the North 



'Landw. Vereinsschr. bait. Cent. Ver., April, 1887; abs. in Centbl. agr. Chem., 1886, 
p. 716. 

^Hannov. land- und forstw. Ztg., 16 (1885), p. 318; Centbl. agr. Chem., 14 (1885), 
p. 353. 

3 Konigsberger. land- und forstw. Ztg., 1886 ; abs. in Jahresber. agr. Chem., 9 (1886), 
p. 397. 

-•Fuliling's landw. Ztg., 35 (1886), p. 114; abs. in Jahresber. agr. Chem., 9 (1886), 
p. 397. 

fiDeut. Ztschr. fur Tiermedizin, 12 (1885-86), p. 377. 
^Archiv. fiir wi88en8(;h. und prakt. Tierheilkunde, 14 (1886), p. 86. 
7Ibid.,12(1886),p.74. 

8Ab8. in Landw. Vers. Stat., 42 (1894), p. 303. 
^Archiv. fiir wissensch. und prakt. Tierheilkunde, 12 (1886), p. 74. 
10 Abs. in Landw. Vers. Stat., 42 (1894), p. 303. 
" Centbl. agr. Chem., 1884, p. 772. 

^^Ber. 20te Plenar. deut. Landwirtschaftsrates, Berlin, 1892. 
i^North Carolina l^ta. Bui. lOU. 



THE FEEDING VALUE OP COTTON-SEED PRODUCTS. 421 

Carolina Station, states that 3 milch cows at different times had dis- 
turbances of the nervous system from eating cotton- seed meal, and that 
one died from eating old cotton-seed meal. 

Voelcker* mentions the death of 5,006 sheep and lambs and serious 
injury to many others alleged to have been caused by eating decorticated 
cotton -seed cake. The cake was of good quality, and the sickness and 
death are ascribed to overeating. He also reports^ injury to the 
health of cattle, and one death, from eating cotton-seed cake of good 
quality in which no poison could be found, and states that the injury 
which the cakes undoubtedly did "was clearly traced to the coarse con- 
dition and consequent indigestibility of the cotton-seed husks in them." 
The same authority ^ states that " instances in which very moldy feeding 
cakes have injured or killed cattle are too numerous to leave any room 
for doubt of the injurious properties of damaged or moldy linseed or 
other feeding cakes." Instances of death or injury to health of animals 
resulting from eating moldy cakes, oats, and other foods are numerous 
and have been ascribed to a mold {Aspergillus spp.) known to be poi- 
sonous to animals. Zopf found in cotton-seed meal several organisms, 
particularly Bacterium vernicosunij which exercised poisonous powers.* 

REFERENCES TO ADDITIONAL ARTICLES ON FEEDING COTTON 

PRODUCTS. 

Feeding for heef. 

Arkansas Sta. Bul^. 9 and 28. 

Maryland Sta. Bui. 8. 

Mississippi Agl. and Mech. College Rpt. No. 3, 1885. 

Mississippi Sta. Rpt. 1889, p. 37. 

Missouri Sta. Bui. 2. 

New York State Sta. Rpts. 1888, p. 292; 1889, p. 117; 1890, p. 20. 

U. S. Consular Rpt., August, 1886, p. 331. 

Jour. Roy. Agl. Soc. England, 22 (1886), p. 483 ; 23 (1887), p. 403. 

Trans. Highland and Agl. Soc. Scotland, ser. 4, 6 (1879), p. 312. 

Wesen und Verwertung der getrockneten Diffusions -Riickstande des Zuckerfabriken, 

Marcker and Morgen, Berlin, 1891, p. 157. 
Hanuov. land, und forstw. Ztg., 1885, No. 36, p. 709. 
Landw. Vers. Stat., 42 (1894), p. 279. 
FUhling's landw. Ztg., 1893, No. 13, p. 439. 

Feeding for milk and butter, 

Alabama College Sta. Bui. 5 (n. ser.). 
Mississippi Sta. Rpt. 1889, p. 36. 
Missouri Sta. Bui. 8. 
New Hampshii^e Sta. Bui. 18. 
New Jersey Sta. Bui. 65. 

New York State Sta. Rpts. 1890, pp. 8 and 171; 1891, p. 28; 1892, p. 39; and Bui. 21 
(n. ser.). 

1 Jour. Roy. Agl. Soc. England, 8 (1872), pt. 1, p. 219. 

2 Ibid., 12 (1876), pt. 1, p. 295. 

3 Jour. Roy. Agl. Soc. England, 9 (1873), pt. 1, p. 1. 

'*Zur Kenntnis der Organismen des amerikanischen Baumwollsaatmehl, Beitrag 
aus Kryp. Lab. Univ. Haile^ 1892. 
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Vermont Sta. Rpt. 1889, p. 51. 

Experiments on ensilage conducted at Rotliamsted, season 1884-85, Sir J.B. Lawes 

and J. H. Gilbert, London, 1886; abs. in Jahresber. Sk^r. Cheni., 12 (1889), p. 609. 
Magd. Ztg., Nov. 21 and Dec. 6, 1888; abs. in Jahresber. agr. Chem., 12 (1889), p. 611; 

and £. S. R., 3, pp. 562, 566, 569. 
Prog. Agr., 1891, Nov. 15; abs. in Jonr. Auier. Cbein. Soc, 15 (1893), p. 659. 
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